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|} FOR YOU To BUILD! 


CAR CHARGE DISCHARGE 
IDLE INDICATOR 

Keep a weather-eye on your cars elec- 
trical system and avoid the need for a 
jump start! This indispensable project 
indicates whether the car's alternator is 
doing its job and whether the battery is 
being charged or discharged. An optional 
‘ammeter can be also be added. 


LIVE WIRE GAME 

The traditional summer féte ‘steady hand 
game’ is brought up to date with this easy 
to build and fun to play electronic game. 


TTL TEST UNIT 

If you are into designing digital circuits 
based on TTL technology then this unit is 
the ideal companion. Based ona series of 
‘bullding blocks’ you decide what facili- 
ties you need and construct the unit 
accordingly, 


PACKET RADIO MODEM 

Combine amateur radio and computing 
with this great project! With it you will be 
able to communicate with other radio 
amateurs using similar equipment. It 
works in a similar way to a telephone 
MODEM but the main difference being it 
connects to a radio transceiver instead of 
aphone line - so there are no call charges! 


12V DC/230V AC 250W 
INVERTER 

Ifyou've ever wanted a mains supply ina 
location where there wasn't one available, 
then this project is for you! It converts a 
12V DC supply into 230V AC and can 
supply loads of up to 250W. 
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THE PAKNET CONNECTION 
This radio-based public data network has 
many advantages over traditional cable- 
based data networks and has numerous 
applications, Whether used for credit card 
authorization, remote electricity metering, 
security systems or traffic management 
systems PAKNET is an ideal choice. Find 
out more in this fascinating feature, 


HOW SEMICONDUCTORS 

ARE MADE 

Stephen Waddington completes the story 
of how semiconductor devices are made. 
This final part explains how the processes 
described so far are combined to form 
components on-chip, how electrical con- 
nections to the outside world are made 
and how the finished device is packaged. 


HES EsseNrIAL READING! 
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OUTSOURCING AND 
FACILITIES MANAGEMENT 
Frank Booty examines the pros and cons 
of contracting out computer services. 


UNDERSTANDING 
TRANSMISSION LINES 

More mysteries are answered in the 
second instalment of this three part series, 


HOW TO USE DIGITAL PANEL 
METERS 

Ray Marston demonstrates how digital 
panel meters can be used in practical 
applications. Tried and tested circuits are 
included covering a multitude of possible 
uses. 


POWER ELECTRONICS 

Triac circuits are presented and explained 
inthe final part of this series that deals with 
the heavyweight end of electronics, 
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ABOUT THIS ISSUE... 


Hello and welcome to this month's issue of 
Electronics! 

This month's issue contains a fine 
collection of projects, some especially 
suitable for the summer season. The 12V | 
DC/230V AC Inverter project is ideal for | 
powering appliances of up to 250W from a 
12V source — ideal for cars, camper-vans 
and caravans. For summer fund-raising 
events — such as school, church or 
charity fétes — or simply for your own 
entertainment, the Live Wire Game is 
bound to be a hit. This modern version 
improves on the traditional steady hand 
game and is great fun to play, 

The Car Charge/Discharge/Idle Monitor 
is designed to keep a check on your car's 
electrics. Whilst it is not strictly a ‘summer 
project, I'm sure you'll agree that fitting it 
in warm sunny weather is a sensible 
move. The chances are that it'll be in the 
winter months that it will prove most 
useful; a flat car battery or a faulty 
alternator discovered when it’s cold and 
raining is inconvenient to say the least... 

For the digital experimenters amongst 
you the TTL Test Unit will prove to be 
indispensable; it's modular in design — you 
decide what sections, and how many of 
them, to build, If you're into computers and 





Plus, there are some really super 
features to read, plus all of the usual 
regulars! 

So from the rest of the team and me, 
until next month, have a ‘jolly good read’! 


Magazine Index 

A comprehensive 14-page index to 
Electronics — The Maplin Magazine is now 
available from Maplin. The index covers 
every issue from December 1981 to 
December 1993. Included are details of 
every article, series and project published 
during that period. Conveniently arranged, 
sectionally and alphabetically, it'll take 
minutes instead of hours to find the 

exact issue number and page you need. 
You'll be able to rediscover a wealth of 
information you never knew you had! A list 
of all of the Corrigenda published is also 
included so you will be able to find details 
of changes or amendments. You'll find 

the index an invaluable addition to the 
issues of Electronics that you have. If your 
collection is incomplete, many issues are 








CORRIGENDA 


April 1994, Issue No, 76, Semiconductor 
Processing — Part One Refining the Raw 
Materials 


Page 20, Figure 1: Caption should read Typical 
Conductivity of Conductors, Semiconductors 
and Insulators’. Units throughout should be 
(Qem)*. Resistivity is of course the inverse 

of conductivity. 

The values quoted within the tables 
are extracted from the first chapter of 
Semiconductors and Electronic Devices, A. 
Barlev. Other texts may extend the limitations 
of the scale, quoting typical conductivity for 
conductors of 10°(Qem)* and 10 to 14(Qcm)* 
for insulators. All texts agree on the conductivity 
of semiconductors; for useful devices this lies in 
the region of 1 to 100(Qcem)". 

A number of readers wrote questioning the 
authenticity of the semiconductor characteristics 
quoted in Table 2. We are happy to confirm that 
these have been cross-referenced to numerous 
‘sources and can thus be assumed correct. 


CONSUMER PRESS: 

Front Cover 

Picture: Steven Hunt, 
© Copyright 1994 The 








amateur radio you'll love the Packet Radio still available as back issues, see page 57 pty 
MODEM project — it combines the best of for details. The index costs just 80p*, communications and 
both hobbies. A great advantage is that | Order As XU87U, you'll wonder how | power— electronics 
you can stay connected as long as you you ever managed without it! brings them all within 
like since there are no call-charges to incur! * Note: normal mail order handling charges apply. your grasp. 
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There's no doubt about it, personal 
communications are set to become 

the thing of the nineties. We entered the 
decade with a few mobile communications 
systems which, yes, do work to an extent 
but are, after all, hardly useful for anything 
except phoning home to tell your partner 
that the train has been delayed, and you 
won't be back till 8pm. 

On the other hand, it looks like we'll 
leave the decade — and enter the next 
century — with miniature systems which 
will allow us to phone, fax, receive and 
send data, watch TV or even video on 
demand, listen to radio or your favourite 
music, and who knows what else. 

This will all be available from a hand-held 
communicator, most commonly having the 
title Personal Digital Assistant (PDA). 

Forerunning devices have been 
introduced already, of course, and one 
or two of them have been considered in 
this very column (Apple's Newton, and 
Amstrad’s PenPad), but these are simply 
nothing compared with what's to come. 

Motorola has recently been showing a 
version of a PDA called Envoy, which is 
pricey at the moment at £1,200 or so, but 
which points the way forward. It uses a 
new type of operating system which is an 
extension of the icon-metaphor method, in 
which icons are used to represent real-life 
objects and tasks. As such, the telephone 
looks like a telephone, and so on. 

The designers of the system, called 
Magic Cap (the Cap standing for 
Communications Application Program), 
include some originally involved in the 
Apple Macintosh operating system back 
in 1984, so they have more than just a 
little experience in producing an easy-to- 
use and, what's more, easy-to-get-to- 
grips-with operating system. But Magic 
Cap takes the symbolic metaphor one 
stage further than the Mac. Where the 
Mac is primarily a computer, doing 
computing tasks just like any other 
computer (only more easily for the user), 
Magic Cap endeavours to be a complete 
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simulation of a human environment. Magic 
Cap's opening view, for example, is of the 
interior of an office, with 3D icons for 
standard office bits and bobs — telephone, 
fax, in and out trays, diary, and so on. You 
can move out to a hallway, where doors 
lead to other rooms; from there you can 
move out to a street, complete with post 
Office, travel agent, and so on, The 
designers’ single aim was to create a 
‘system which looks just like the real world, 
and which anyone can use, and that they 
have done. You don't have to know a 
single thing about computers or data 
communications to be able to use Envoy. 
Whether Magic Cap becomes the 
world's standard for PDAs is debatable. 
Apple is a long way down the road (the 
real road, not the iconic one) with its 
handwriting-recognising (and, soon to 
be introduced, voice-recognising) Newton. 
Microsoft has PenWindows, and there are 
others too. Maybe there'll never be a single 
standard — there doesn't need to be with 
careful planning. As long as all these 
different systems can communicate 
properly between themselves, there's 
no need for a standard at all. Users will 
just buy a PDA because they want to 
communicate and they like the particular 
human interface: Magic Cap, Newton, or 
Windows, that's all. Whether the PDA you 
want to communicate with is the same type 
as yours is, after all, irrelevant. This simply 
mirrors the way computing itself is heading. 
Magic Cap works in combination with 
a hardware controlling system called 
Telescript. In effect, Telescript is a 
complete mechanism to control hardware, 
incorporating a language, a controlling 
engine, and the necessary protocols 
involved. Magic Cap merely sits atop 
Telescript for products like Envoy. In the 
future, Telescript will probably start to crop 
up in other products such as telephones, 
televisions, video recorders, and so on. It's 
only Magic Cap which defines the device 
as a PDA. Put another interface onto 
Telescript, and it could be another product. 


Weighing Up 

| have to say that | have mixed feelings 
about all this attention to personal aspects 
— personal stereos, personal phones, 
personal communications. Things like 
virtual reality don't help either. | get a little 
worried that people will lose the ability to 
relate in a human sense if we don't actually 
communicate in the non-personal way, that 
is, by talking to each other. Don't get me 
wrong, I'm as guilty as the next. | have a 
personal stereo which | use to prevent 
people from talking to me when | don't 
want to be interrupted, | love gadgets and 
widgets and (maybe) will get a PDA just 
as soon as they become cheap enough, 
and as a freelance there can be times 
when | don't speak to an outside person 
for literally weeks. 

But here I'm not actually talking about 
the personal level. Instead | refer to our 
whole culture, and | wonder whether it will 
survive as these personal things become 
more common and begin to take over our 
human communication tasks, 


This is a Recorded Announcement 
It will surprise many readers (probably 
around 80% if the results of a recent 
survey by NOP last year are anything to 
go by) that all is not quite what it seems 
when you dial a mobile user with a cellular 
telephone number. 
If that user's cellular phone is turned off, 
or if it's simply out of reach to the network, 
you'll get a recorded announcement telling 
| you as such. However, unlike recorded 
messages generated from cabled 
telephone systems, you're actually being 
charged for the time you listen to the 
cellular message! Couple this with the 
higher charges incurred anyway when 

| you do actually connect with your chosen 
recipient, and it makes you wonder 
whether you should call a cellular user 

| in the first place, doesn't it? 








The opinions expressed by the author are not 
necessarily those of the publisher or the editor. 
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[Fy he dashboard of the modem 
| family car has an ignition 
a waming light which is normally 

f y symbol that 
te the cars alternator 
is not producing sufficient output to 
apply the electrical needs of the car 
mator serves two purposes: to 
replace the energy lost from the 
battery during starting; and to supply the 
electrical requirements of the car whilst 
the engine is running, ie. ignition. 
lights. car radio, ete. The output current 
tating of the alternator is chosen by 
the car manufacturer to be generally 
Sufficient for the cars needs. | 
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If a fault develops with the | 
alternator, its drive belt snaps or is = Z i ‘ 
slipping, the ignition warming light will r PROJECT 


illuminate. However, generally speaking, t ‘ RATING 
no indication is given if the alternators y 

output is not sufficiently high to supply. 
the electrical requirements completely. 
This may be the case with an ageing 
altemator or where new accessories 
have been added - such as high 
power driving lights, a powerful car 
Stereo, a radio transceiver, etc. In stich 
instances the alternator cannot supply 
sufficient current and the battery 
supplies the difference Clearly the 
battery ts being discharged instead 

of being charged, and over a period 
of time it is likely that there will be 
insufficient energy stored in the battery 
to start the car This situation is further 
exacerbated by winter weather where 
the batterys capacity is reduced by 
low temperatures and the use of 
windscreen demisters, headlights, 

fog lights, and heaters. The only long 
term cure is to replace the ageing or 
faulty alternator, uprate it to suit the 
additional load of new accessories or 
adjust the slipping drive belt 


Build this 
t and 





for a jump start! 


APPLICATIONS 
* Avoiding flat battery 
%* Balanced line driver 
%* Detecting alternator faults 


FEATURES 

* Simple to build *Easy to install 
| * Tri-colour visual indication 

* Optional centre zero meter 




















Important Safety Warning 
Bete starting work consult owners manual regarding any special 
Precautions that apply to your vehicle Since a car battery is capable 
cf delivering extemely high currents if is imperative that every 
ares Precaution is taken to prevent accidental short circuits 

cccutting. Remove ail items of metal jewellery, watches, etc Betbre 
connecting the module to the car electrics, the battery should be 
disconnected. Helpful hint - Remove ground connection first, to prevent 
qocidental shorting of the (+) terminal to the bodywork or engine, 
cssuming negative earth vehicle It is essential to use a suitably rated 
fuse in the supply to module The wite used for the connections should 
qiso be rated to safely poss the required current if in any doubt as 
to the comect way to proceed, consult a qualified automotive 
electrician, 
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So what is the answer? Simple, some 
form of current monitor. Traditionally 
this task was performed by an 
ammeter, but the modem family 
car, generally. is not fitted with an 
ammeter, often found on a ‘sports’ 
model cr an older car The modern. 
family car dashboard is generally 
crammed with other ‘essential’ features 
@e. ‘sales gimmicks) leaving no room 
for an ammeter But there is usually 
enough room to fit a 5mm diameter 
LED somewhere. 

This is where this project is very 
useful, as it gives a visual indication of 





















Figure 1. Block diagram of Car Battery Charge/Discharge/Idle Monitor. 
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whether current is being drained from | 
the battery, whether charge is given | 
back to the battery or the battery is 
neither being charged nor discharged. | 
The project can even be fitted with an 
optional ‘ammeter’ (if you have enough 
toom on the dashboard). 

Connecting the module is very 
simple, since {t only has three wires, 
and should take considerably less time 
to fit than trying to persuade a passing 
motorist to stop to give you a jump 
start on a dark night in the pouring 
rain! 


CIRCUIT DESCRIPTION 

The block diagram of the Battery 
Charge/Discharge/Idle Monitor is given 
in Figure 1, this, as well as the circuit 
diagram in Figure 2, will help illustrate 
how the circuit operates. Lets begin 
with the power supply (it seems a 

fair place to start as any/). 

Diode D1 prevents any possible 
damage from reverse polarity 
connections. Capacitors C1 and C2 
provide low and high frequency 
decoupling for the reguiator RG1; which 
is needed to prevent supply variations 
atfecting operation of the unit. The 
resistors R1 and R2 set the output 
voltage of the regulator to 
approximately +9V DC. Capacitor 
C3 provides. high frequency cutput 
decoupling of the regulator, as well 
as aiding stability. Diode D2 affords 
additional protection to the regulator 
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Photo 1, The assembled PCB. 


in the hostile environment of the car. 
Resistors R3, R4 and preset RV] have 
dual functions, apart from being the 
half supply voltage reference for the 
half supply generator ICla; they also 
form part of the ‘Wheatstone bridge’. 


Specification 
rating voltct 
ot mption: 


+12'to 
ny 


25V DC 
(ma 
i LED 





more on this later The preset RV1 
is required because the quad op amp 
is not of instrumentation grade (to keep. 
the cost down) and therefore, inherent 
output offset voltages will occur, which 
require nulling out. 

Capacitor C4 and C5 decouple the 
teference voltage to the supply rails 
If noise was injected into the circuit, 
the reference voltage would remain 
unaffected because of the symmetry of 
the circuit. Capacitors Cé and C7 have 
the same function at the output of ICla 

Diodes D3 and D4 serve to protect 
the input of the op amp ICIb; while 


MMMM 


capacitors C8 and C9 decoupie the 
input and reject any high frequency 
noise picked up. 

Resistors R5 and R6é again serve dual 
functions as they form the second half 
of the ‘Wheatsicne bridge’ as well as 
biasing the inverting input of op amp 
IClb to half the supply voltage. Resistor 
R7 and preset RV2 determine the gain 
of ICIb, which can be set between x2 
and %200 (6dB to 46dB). 

Capacitor C10 limits the upper 
bandwidth of the op amp ICIb which 
will be between 0-7Hz and 34Hz The 
actual cut-off frequency is determined 
by the wiper position of the preset 
RV2. The capacitor C10 also provides 
damping of the optional meter by 
reducing the slew rate of the op amp 
IClb. 

Op amps [Clic and ICId form an 
analogue window comparator, where 
R8, R9 and op amp IClc form a unity 
gain inverting butter. whilst R11, R12, 
R13, R14 and op amp ICld form a | 
similar, but complementary, unity gain 
non-inverting butter. 


OVERVIEW 
Assuming that the module is installed | 
and the ignition {s turned on but the 
engine is not running, the inverting 
input of op amp [Clb will be 
approximately at half the supply. 

this can be finely adjusted by RV1. 
Therefore the output will also be at } 
half the supply voltage. 

The output of op amp ICib feeds the 
inverting and non-inverting buffers [Cle 
and ICid The output of IClc and ICld 
will be (yes, you have guessed it!) at 
half supply, which illuminates both 
the red and green LEDs at similar 





WHEATSTONE BRIDGE 
The Wheatstone bridge was originally. 
developed in the early days of 
electronics (when valves and 
transistors were yet to be invented) to 
obtain an accurate reading of an 
unknown resistance The problem with 
non-bridge techniques was that if an | 
ammeter was inserted in series with 
the unknown tesistance andi a poorly 
regulated supply applied across the | 
circuit, the ammeter readings would 
vary with supply voltage variations 

Because the meter in bridge circuit 
takes a differential measurement, the 
Supply variations are effectively 
cancelled out, and an accurate 
teading is then obtained 

The bridge measurement 
technique, in a modified form, is also 
used to find unknown inductance 
and capacitance. However, today’s 
technology (the pocket digital | 
multimeter) has replaced the bridge 
citcuit in all but the most demanding | 
of applications A modem application 
of the bridge circuit is measuring 
stress\and strain, where one arm of 
the bridge is formed by a tesistive | 
stain gauge. However, it is more 
usual to find all four resistor arms | 
mounted on a membrane, which is | 
called a strain gauge rose 
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Figure 3: (a) PCB legend; (b) PCB track. 


brightness levels, which combine | 
to produce an orange/yellow light | 

Starting the engine will draw | 
(significant) cunent from the battery;a | 
potential difference will appear across 
the battery earth strap, albeit very | 
small. The potential at the battery 
negative terminal end of the strap will | 
be negative with respect to the chassis 
This will cause the output of op amp 
IClb to swing towards the positive 
supply rail (because it is inverting); by 
how much will depend on the potential 
across the strap and the setting of RV2. 
Op amp ICld will swing towards the 
Positive supply rail and therefore supply 
more current to the red half of the 
tri-colour LED (LD1). Op amp ICle will } 
swing towards the OV rail and therefore 
the green half of the LD1 will be 
extinguished; the net result is the 
red LED indicating battery drain. 

After starting the engine, the 
LED will return to the orange/yellow 
condition while the engine is idling, 
indicating that the battery is not being 
drained or charged With a partially 
discharged battery, revving the engine 
will cause the altemator to produce 
more power which will charge the 
battery. The potential at the battery 
negative terminal will be positive with 
respect to the chassis. This will cause 
the output of op amp IClb to swing 
towards the OV rail ICld will swing 


900000000 
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= Solder connection 


To TP1 and TP2 
of Charge/Discharge 
Monitor PCB (GH74R) 





towards OV rail extinguishing the red 
half of LD1. Op amp [Cle will swing 
towards the positive supply rail and 
supply more current to the green half 
of LD1, indicating that the battery is 
being charged. Note that, if the battery 
has not been significantly discharged. 
the LED will stay in the orange/yellow 
condition since it is not drawing 
significant charge current. 


CONSTRUCTION 

Construction is faifly straight forward, 
refer to the Parts List and to Figure 3a 
for the PCB legend and Figure 3b for 
the track layout. Begin-with the smallest 
components first; working up in size to 
the largest; be careful to orientate 
correctly the polarized devices, ie. 
slectrolytic capacitors, diodes, regulator 
and IC, The IC should be inserted into 
the socket last of all: Thoroughly check 
your work for misplaced components, 
solder whiskers, bridges, and dry joints 
Finally, clean all the flux off the PCB 
using a suitable solvent. Photo 1 shows 
the assembled PCB, 

Refer to Figure 3c for the stripboard 
Iayout for building the meter calibration 
circuit to be used in conjunction with 
the optional meter. 

Figure 4 shows the drilling details 
for the optional plastic box with base 
(¥N36P). Do not fit the Monitor PCB 
into the box at this stage. 


© = Cut in Track 


IN4148 

















Figure 3c. Circuit diagram and stripboard layout of optional meter circuit. 
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View in direction 
of Arrow ‘A’ 


Figure 4. Box drilling details. 


TESTING AND SET UP 

The optional meter adjustments and 
testing can be made on the bench. The 
tools required are multimeter, preferably 
digital for accuracy (but not required 

if the optional meter used). A preset 
adjuster tool or a small flat blade 
screwdriver, a +12 to +25V DC power 
supply and a new 1-5V cell. 

If the optional meter is employed. 
the meter should ‘be set to zero via its 
inbuilt adjustment mechanism. Connect 
the meter to the (+) and (-) points on 
the stripboard, and the stripboard to 
TPi(-) and TP2(+) pins of the Battery 
Charge/Discharge Monitor using 
screened cable. Set the meter 
calibration presets to centre travel 


OPTIONAL METER 100% {sd 
INPUT VOLTAGE 


CURRENT DETECTION (0:19) 











+3-A5V, -2-75V 
+34:5A, -27:5A 























Bose of Sox type 2 (YN, 


All dimensions in millimetres 


Connect a shorting link between the 
BATT (-) terminal and CHASSIS on the 
PCB; adjust RV2 fully clockwise; apply 
power and wait a few seconds for the 
circuit to stabilise, 

Connect a meter (which has been 
previously set to a 10V or higher 
range) between TP1 and TP2; adjust 
RV1 until the meter reads OV, or the 
optional meter reads 0. See Table 1 for 
readings Remove the shorting link; the 
LED will turn green and the meter will 
deflect to the right. Adjust the (+) preset 
until the meter reads +100, Connect the 
test battery plus (+) terminal to the 
CHASSIS connection and the battery 
minus (-) terminal to the BATT (-) 
connection. The LED will tum red; adjust 


| RVIMAX | 
+45mV, -45mV 


+450mA, -450mA_ 





Table 1. RV1 settings and corresponding minimum and maximum readings. 
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M3 x 5mm Screws 
(Supplied with Spacers) 


Box Bose 
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Figure 5. Assembly diagram. 
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Hole Dote 





Ref 
A 


B 83mm 2 


Size | No. 
s16mm| 1 




















the (-) preset until the meter reads 
-100, 

The module is now fully tested and 
can now be installed into the optional 
box: refer to Figure 5 which shows the 
exploded assembly. Do not fit the lid as 
RV1 and RV2 will require readjustment 
once installed into the car 


INSTALLATION 

Referring to the full wiring diagram 

as shown in Figure 6, decide whether 
you wish the module to monitor the 
starter-motor drain current and the 
battery charge/discharge/idle condition 
or just the battery charge/discharge/ 
idle condition. If the former. connect the 
modules supply to the ignition line: if 
the latter, connect the supply.to the 
accessory line. In both cases a 100mA 
quick blow fuse must be wired in the 
positive supply wire, 

To readjust RVI, tum the ignition on, 
but do not start the engine if you have 
an engine management system, wait a 
minute or so for it to time out and shut 
down). Ensure that all the lights/radio, 
etc, are off, and adjust RV1 for a OV 
multimeter reading, or 0 for the optional 
meter 

The adjustment of RV2 will depend 
upon whether the LED is to be used 
on its own or with the optional meter. 

The adjustment of RV2 with the 
LED only, is entirely user determined; 
adjusting RV2 fully clockwise for 
maximum sensitivity would be the 
most popular setting, as it would give 
a definite charge/discharge indication. 

If the starter-motor drain cument 
is to be monitored the engine must be 
tumed over, as this is when most power 
is drawn from the battery. Adjust RV2 
fully anticlockwise; then tur over the 
engine and adjust RV2 clockwise until 





the optional meter reads -100. 


To ignition or 





accessory line 


Battery Earth 
Strap 


Battery Charge/Discharge PCB 


Green K Red 





Screened Cable 


Figure 6. Wiring diagram. 


If everything except the starter-motor 
is to be monitored, then the calibration 
of RV2 can be adjusted in two other 
ways. First is to connect a high current 
ammeter (20A minimum) in series with 
the positive battery lead and tum on 
the headlights without the engine 
tunning. Note the reading on the 
ammeter and adjust RV2 until the 
optional meter reads the same. Reverse 
the Batt (-) and chassis connections, 
the optional meter will now deflect in 
the other direction, readjust the meter 
calibration preset until the optional 
meter reads the same as the current 





Sereen—y 





meter. Reconnect the Batt (-) and 
chassis connections for permanent 
installation. The meter will then be 
calibrated to read the actual current 
drawn through the battery strap in 
both directions 

The second method is definitely 
not neighbourhood friendly, which is 
to turn on all the accessories without 
the engine running. This means all the 
lights, including the interior, brake and 
hazard lights, stereo at full volume. 
hom, etc, (don’t do it at times or in a 
location when it will cause a nuisance) 
and then adjust RV2 for the meter to 





tead somewhere between -80 and -100. 
The module has now been fully 

adjusted; the lid can then be fitted 

to the optional. box. 


ANOTHER (UNUSUAL) 
APPLICATION 

An unusual application of the circuit 
would be to use it as a low-cost 
balanced line driver or phase splitter 
te bridge two amplifiers together 
However, the circuit would need slight 
modification, ie. C8 and C9 removed, 
the value of C10 reduced to increase 
the bandwidth, and the values of R10 
and R15 reduced to 220. Fit a link 
between (-) BATT and CHASSIS, and 
then feed the input signal directly into 
the inverting input of IClb with the 
ground connected to Vr. 

The hot (in-phase) signal is taken 
from the LED green anode connection, 
and the cold (out-of-phase) signal from’ 
the LED red anode connection, when 
the screen is connected to Ver. 

Changing the op amp package to a 
1M837N or a TLO74CN would improve 
the AC performance, but the supply 
voltage would need to be increased. 
Changing the value of R2 to 2k2 would 
suffice for small signals (maximum 
value 6k8 for LM837N and TLO74CN, 
and 5ké6 for the supplied LM324N); 
input and output coupling capacitors 
are recommended 

Note that the supply voltage 0V 
and the audio input and output screens 
must not share a common retum path, 
otherwise Vr will be shorted out to OV. 


BATTERY CHARGE/DISCHARGE/IDLE MONITOR PARTS LIST 


RESISTORS: All O-6W 1% Metal Film (Unless specified) 


Rl 2400 

R2 15 

R39, 11-1447k 

R115 6802 

RVI 5k 22-tum Cermet Preset 


RV2 AM7 Horizontal Enclosed Preset 


CAPACITORS 


cl 100pF 25V Radial Electrolytic 
C23, 8-10 100nF 50V Mini Disc’ Ceramic 
C47 10PF 50V Radial Electrolytic 


SEMICONDUCTORS 

IC] LM324N 

RG1 1M3171Z 

D2 1N4001 

D34 1N4148 

LDi Multicolour LED 5mm 


MISCELLANEOUS 
14-pin DIL IC Socket 


1 (Mi240R) 
(MI1K5) 

(Ma47K) 
(Mé680R) 
(UH24B) 
(UH11M) 


(FF11M) 
(BX03D) 


M3 X 10mm Insulated Spacer 1Pkt 
M3 xX 6mm Pozi Screw 1Pkt 
No. 6 X Ain. Self-tapping Screw Pkt. 
Single-ended PCB Pin Imm (0-4in) 1Pkt (FL24B) 
2in. Panel Meter 100-0-100NA. 1 
Box with Base Type 2 1 h 
Min Single Core Lapped Screen AsReq. (XR15R) 
4-Wite Cable 

In-line Car Type Fuseholder 
100mA Fuse 1/;in. 

LED Clip Convex 5mm 
lémm PVC Sealing Grommet 
16mm Heat Shrink Sleeving 


(PS36P) 
(BF36P) 
(LR67X) 


(RW98G) 
* (YN36P) 


AsReq. (KR89W) 
1 (RX51F) 
1 (WROBJ) 
1 («UK14Q) 
1 (JX779) 
1 (BF867) 


1 
Single-ended PCB Pins imm (0-4in)1Pkt 
PCB 1 


Instruction Leaflet 
Constructors’ Guide 


OPTIONAL (Not in Kit) 
15k Min Res 


1 
1 


22k Horizontal Enclosed Preset 


1N4148 
Strip Board Type 1039 


The Maplin 'Get-You-Working’ Service is available 
for this project, see Constructors’ Guide or 
current Maplin Catalogue for details. 

The above items (excluding Optional) are available 
as a kit, which offers a saving over buying the 
parts separately. 

Order As LTS6L (Battery Charge/Discharge Monitor Kit) 
Price £7.99 
Please Note: Where ‘package’ quantities are stated in the 
Parts List (eg., packet. strip, reel, etc), the exact quantity 
requited to build the project will be supplied in the kit 


The following new item (which is included in the 
it) is also available separately, but is not shown 
in the 1994 Maplin Catalogue. 

Battery Charge/Discharge Monitor PCB 
Order As GH74R Price £2.49 
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In many situations, the use of existing 
PSTN (Public Switched Telephone 
Network) lines for conveying 
computer data is a conmipromise, 
and in some cases downright 
unsuited. Corruption of data and 
security can be a problem, and 
its use during peak business 
hours can be unreliable and 
expensive. 
The data rates that can be 
stuffed down a phone line 
are quite low (2,400-bit/s 
is the current most common 
standard), and if the line 
is bad, modems may switch 
over to even slower rates 
{as low as 300-bit/s), causing 
huge. delays and expensive 
calls. Of course, for portable 
operation one of the cellular 
telephone networks have to 
be used, which are incredibly 
expensive, and calls are often 
subject to severe signal degradation, 


causing data errors. 











Top: Paknet in a retail application. 

Top Left: A Paknet Radio Pad. Note the compact size. 

Left: The Paknet Base Station, normally located at a cellular repeater site. 
Above: the Radio-Pad has two user ports, allowing for two completely 
independent applications. For example, one port may be connected 

to an EFTPoS terminal, the other possibly to a security 

system or computer. 
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Purpose-designed data transmission 
lines — such as those conforming to the 
CCITT X.25 packet standard — overcome 
the latter problem, but tend to be expen- 
sive, and hence not economically viable 
if only fairly small amounts of data (for 
example, lumps as small as 1,000 bits) 
need to be sent infrequently. Everyday 
examples of such unpredictable low-vol- 
ume traffic are EFTPoS (Electronic 
Fund Transfer Point of Sale) and credit 
card authorisation, which are encoun- 
tered in retailing. 

Of course, the use of wire as the 
transmission medium is potentially haz- 
ardous — after all, wires are subject to 
the forces of nature, as those living or 
working in outlying regions will testify. 
Wires are also vulnerable to deliberate 
tampering — particularly worrying for 
alarm system operators, and other 
providers of sensitive services or infor- 
mation. The cost of setting a line up in 
the first place may also be prohibitive, 
particularly to remote areas where such 
lines are not already in existence. 

With these problems in mind, the 
Paknet system was introduced in 
February 1990. Originally developed by 
Racal Research, the service is run by 
Paknet Ltd., a joint venture between the 
Vodafone Group ple (another Racal sub- 
sidiary) and Mercury Telecommunica- 
tions Ltd. A public packet-switched 
data network (using the X.25 protocol), 
Paknet uses radio as its transmission 
medium. This provides considerable 
advantages for many applications, as 
well as creating new possibilities, 
unimaginable before the introduction of 
such a system — remote monitoring and 
interactive information services will be 
discussed later. Since X.25 is used, 
Paknet can be connected to existing net- 
works — in many cases allowing private 
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network operators to make additional 
revenue from spare capacity. The X.25 
system, as implemented on Paknet, 
allows data transmission rates of 
9,600-bit/s. to be attained as standard 
— file compression could increase this 
still further, if required. 

A conventional data transmission 
system using a PSTN line is shown in 
Figure 1. Users are connected to other 
users or a private data network via 
modems. Between the modems of the 
host and user, much happens. Signal 
| conditioning, telephone exchanges, 
| multiplexing/demultiplexing equip- 
ment, and not least the line itself, col- 
lectively degrade the signals and limit 
data transmission speeds. Even over 
physically short hops (theoretically, two 
adjacent offices on different lines) the 
nearest available exchange could still be 
several miles away, and during peak 
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Figure 1. Data communications system based around a PSTN line. 
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Figure 2. The same system, based around Paknet. 


periods could be further away still, 
bringing ever-increasing amounts of 
PSTN hardware into play. 


Enter the Radio Pad 


The Paknet alternative is shown in 
Figure 2. Instead of a PSTN modem, a 
small black box, known as a ‘radio pad’, 
is used. The device does not look like a 
reporter's notebook, the word ‘pad’ actu- 
ally being an acronym for Packet 
Assember/Disassembler. Regardless of 
its name or shape, the unit does exactly 
the same job as a modem, but contains 
a VHF radio transceiver instead of a 
phone jack. The device, which weighs 
less than Ikg, is powered by a 12V DC 
supply — it has been designed to be 
portable, and thus make the most of the 
flexibility that independence of a comms 
line provides. Even when the on-board 
4W transmitter is working, the radio 
pad only consumes 500mA, and so 
could be powered from a car's battery 
for mobile operation, or by a Ni-Cd bat- 
tery pack. In receive mode, the current 
consumption is even less at 150mA. 
The range of the radio pad is typically 
10 miles with its internal aerial, 
although this will decrease in urban 
areas. In such instances, the use of a 
roof or pole-mounted aerial is recom- 
mended. Outside the full coverage area, 
an external aerial will be required any- 
way; under ideal conditions, ranges as 
much as 50km can be attained. 
Connection to the computer equip- 
ment is via two RS232 ports, which are_ 
available on two 25-way ‘D' connectors. 
The use of two serial ports means that 
two completely independent applica- 
tions can be catered for separately. For 
example, an EFTPoS terminal can be 
hooked up to one port, and a PC to the 
other. This saves ‘fiddling around the 
back’ a nightmare for non-technical per- 
sonnel, or the use of switch boxes. 
Apart from power and aerial connec- 
tors, there's not really much else to the 
Radio Pad, apart from power and ‘in 
use’ LEDs. As far as the user is con- 
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cerned, it truly is a ‘black box’ in the 
literal sense — just like the PSTN modem. 
that it replaces. 






At the other end of the radio link is the 
base station, which links up to any 
available X.25 node. With its data 
capacity of 64K-bit/s, each base station 
can handle a considerable number of 
independent Paknet applications at any 
instant, and can cope with many hun- 
dreds within its vicinity. Hardly sur- 
prisingly, base stations are located at 
Vodafone sites, but could be installed 
practically anywhere provided the 
required external lines are present. At 
the heart of the base station is the 
Network Access Controller (NAC), which 
consists of a radio transceiver and X.25 
interface circuitry. In fact, each base 
station has two NACs, one of which is 
always available, should the other fail. 
This helps to provide continuity of ser- 
vices. although there is always the 
possibility of power supply, aerial or 
line failure. The first problem can be 
overcome by the use of an uninterrup- 
tible power supply (UPS), although each 
NAC does consume around 305W of 
power (DC and AC supply options are 
available). For ease of installation, the 
aerial is a simple omnidirectional whip. 

Installation of base stations is pro- 
gressing at a rapid pace, with around 
75% of Britain covered by Spring 1994, 
The stations (numbered at 136, at the 
time of writing) are arranged in a cellu- 
lar ‘7 zone repeat pattern’, as shown in 
Figure 3, to achieve efficient coverage. 
As has been proven for nearly ten years 
with mobile phone systems, this system. 
is spectrum efficient, reduces co-chan- 
nel interference and is flexible in its 
implementation. In addition, it makes 
for easier network planning and instal- 
lation, since suitable sites will already 
have mobile telephone repeaters and 
the required infrastructure. Normally, 
all that is required is the X.25 link. 

In February 1990, Paknet started in 
the Greater London area with some ten 
base stations connected to two X.25 
exchanges. Bearing in mind that most 
of the country can now make use of the 
service, a mere three years later (refer to 
the coverage map of Figure 4). the level 
of progress has been astounding. 





The Network Management Centre 
(NMC) augments the activities of each 
existing X.25 network management 
centre, which is responsible for the 
routing of users in each node, sub- 
seriber billing and maintenance. Among 
its tasks are the control of each NAC 
connected to that particular X.25 net- 
work, the downloading of NAC software 
updates, fault location, radio pad test 
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¥ és Figure 4. Base station 
coverage, as of late 1993. 
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services, help services, registration, and 
statistical monitoring (for the planning 
of future expansion), 

The Paknet system is designed to 
appear as just another node on an X.25 
system. Each cell, consisting of the base 
stations and radio pads that it serves, is 
structured as the first three layers of the 
OSI 7-layer model. Each of these layers 
~ physical, data link and network, maps 
across to the X.25 structure of the core 
network. The physical layer and data 
link layer, which will shortly be 





described in detail. refer to the radio 
medium, and the system that synchro- 
nises the flow of data, respectively. The 
network layer, meanwhile, refers to the 
interface between the Paknet system 
and the host X.25 network. 








Above: The Network Management Centre 
(NMC), responsible for monitoring, control 
and billing. 

Below: Figure 5. DSRA coding structure. 
Note that the forward and reverse 
structures are divided up into frames. 





Paknet, as implemented in the UK, 
makes use of the VHF band (the Paknet 
frequency allocation is between 136 and 
174MHz). In other countries, UHF (403 
to 470MHz) is available as an option. 
which makes for smaller and less obtru- 
sive aerials. Such frequencies cannot be 
used in the UK as this area of the band 
is already fairly crowded — it's taken up 
by government/military radio, the ama- 
teur 70cm allocation, PMR and public 
service communications. 

Achannel bandwidth of 12-5kHz was 
deemed suitable for the system, as it 
provides the optimum compromise 
between adequate response time and 
specifum usage. The modulation system 
is FSK (frequency shift keying), mainly 
because it is simple to implement. 





The second layer is concerned with the 
provision of an error-free service, deal- 
ing with link access and management, 
error correction and synchronisation. 
Within each cell, the radio pads share 
a physical channel pair, consisting of 
forward and reverse channels, The for- 
ward channel is under complete super- 
vision of the base station, and is used to 
transmit control information to the 
radio pads within the cell. On the other 
| hand, the reverse channel has to be 

shared by all those radio pads, and con- 
| sequently, a protocol must be intro- 
duced to avoid contention. For Paknet, 
a new data link layer protocol known as 
DSRA (Dynamic Slotted Reservation 
Aloha) was developed. A simplified 
example of the DSRA coding structure 
is shown in Figure 5. 
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In this system, forward and reverse 
channels are divided into time slots 
(frames) of fixed size. Each frame is a 
block of data that can be comprised of 
any of several fields, depending on its 
purpose — such as synchronisation, 
control, address, error protection and 
user information. The radio pad moni- 
tors the forward channel frames from 
the base station and uses them to 
acquire synchronisation, 

Each radio pad competes for the allo- 
cation of channel resources using a ran- 
dom access protocol and, if successful, 
is assigned an independent variable- 
sized data transfer window within the 
reverse channel. A control frame sent by 
the base station defines the slots to be 
used; if the radio pad already has data 
ready for transmission, it picks a slot 
within the access window at random 
and transmits a request frame. The 
base station will then reserve the 
resource and return an acknowledg- 
ment to the radio pad, which is used as 
a cue to send the data. The advantage 
of DSRA is that of flexibility — consider- 
able efficiency can be achieved even 
with mixtures of long and short data 
packets. 

Security is well catered for with 
Paknet, since each radio pad has a 
unique identification code, and is thus 
individually accessible, This. coupled 
with the system's packet nature, means 
that the chance of intercepting data to 
which you are not entitled is practically 
impossible, unless you have an 
extremely fast logic analyser — and a 
brain to match! In addition, three levels 
of error correction help to make the sys- 
tem robust under marginal conditions. 


| Who Uses 


For many applications, Paknet has 
proved an ideal choice - the security 
industry, in particular, welcoming the 
system with open arms. Two major 
companies, Chubb (another member of 
the Racal group), and Modern Alarms, 
have pledged their allegiance to Paknet. 
Traditionally, large alarm systems 
are connected to a monitoring service 
via a telephone line. When an intruder 
triggers a sensor, the alarm automati- 
cally dials the preprogrammed number 
of the monitor, who will then take the 
appropriate action. Unfortunately, this 
system is extremely vulnerable — after 
all, phone lines can be cut. The unob- 
trusive aerial of the Paknet radio pad 
can be installed inside the building; by 
the time the intruder has broken in, the 
monitoring service knows all about it. 
The second advantage is that of 
speed. There is often a crucial delay 
(normally between 20 to 30 seconds) 
between alarm activation and the moni- 
toring service taking action — caused by 
dialling and providing identification 
information — this provides the intruder 
with additional time to fulfil his objec- 
tive, or enough time to disable the alarm 
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‘Typical base station site. 


system altogether! With Paknet, this 
delay is reduced to less than two sec- 
onds. Since each radio pad has an ID 
code, the premises can be located 
immediately. 

Several convictions have already 
been made as a result of the reduced 
delay and extra security that Paknet 
provides. 


The End of the 
Check-out Queue 





as we Know It? 


One of Paknet's first applications 
(indeed, one for which the system was 
originally developed) is the world of 
retailing. Hands up those of you who 
constantly glance at your watch, while 
waiting for somebody at the front of the 
check-out queue to have his credit card 
checked! But then, of course, you're 
paying via credit card as well, aren't 
you? “I don't know, everybody seems to 
be using credit and debit cards these 
days!” 

The vulnerability nature of ‘plastic 
money’ means that safeguards need to 
be implemented by those who run such 
services. The best known example of 





this is the authorisation procedure. 
which is responsible for the everyday 
problem outlined above. In modern sys- 
tems, an EFTPoS terminal, connected to 
a PSTN line via a modem, dials up the 
card operator's mainframe and runs a 
eredit check, as well as finding out 
whether the card has been reported as 

a stolen one. For those stores not 
touched by the wand of computer- 
isation, sales staff still make similar 
credit check enquiries, albeit verbally. 
Everybody would agree that these 
measures are very desirable, but it does 
take such a long time — three minutes is 
not uncommon, especially during peal 
periods when free lines are like gold 
dust. Recognising the need for quicker 
customer service, the credit checking 
systems used by other stores are off- 
line, so up-to-date records on stolen 
cards are not available, increasing the 
chance of fraud. 

Fear not, Paknet is coming to the res- 
cue. If the EFTPOS terminal is hooked 
up to a radio pad, the delay is reduced 
to around six seconds (no engaged lines 
to worry about) allowing a quicker ser- 
vice to be provided for the customer. Of 
course, since the system is on-line, the 
likelihood of card fraud is greatly 
reduced, Not surprisingly, this applica- 
tion of Paknet is a steady growth area. 
Paknet also helps behind the scenes, 
allowing more responsive inventory 
management systems to be introduced. 


An area in which Paknet excels is that 
of logging data in real-time, particularly 
where site visits are impractical. If a 
specific quantity (e.g. traffic, chlorine 
levels in water or electricity consump- 
tion in a particular area) needs to be in- 
stantaneously monitored, a dedicated 
line would have to be installed between 
the data logger and the site of analysis. 
In some areas, a leased line can be set 
up - but what about remote locations, 
which might not even have an electric- 
ity supply? And if there is no option but 
to install a dedicated circuit to an outly- 
ing region regardless of cost, how will it 
stand up to severe environmental con- 
ditions like flooding? 

Since Paknet is a wireless system, no 
lines are required. DC operation means 
that mains power is not essential, and 
there are no dial-up delays to worry 
about. Since no part of the system is 
exposed to the elements (save the aerial, 
of course), the system is impervious to 
bad weather. And, since data can be 
sent whenever it is required, the system 
works in real time. These benefits, 
together with the tremendous cost 
advantages. add up to even greater suc- 
cess for Paknet. 

A potential growth area for Paknet is 
that of the electricity industry. Thanks 
to deregulation, companies that con- 
sume more than 1MW of power can 

Continued on page 22 
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Notebook PC Data Acquisition 


National instruments has announced a 
high-performance, compact, lightweight, 
extemal data acquisition (DAQ) box. 
System developars can use the 
DAQPad-1200 to create portable, flex- 
ible data acquisition and control systems. 

‘The DAQPad-1200 is compatible with 
any PC that has a parallel printer port, 
making it ideal for PC-based DAQ appli- 





cations involving laptop and notebook 
PCs. 

The DAQPad-1200 includes an AC 
adapter to supply power from a 120 or 
220VAC wall outlet. An optional battery 
pack with charger will power the 
DAGPad-1200 for 9 to 13. hours. 
Contact: National Instruments, Tel: 
(0635) 523545, 





AC-Coupled Hall-Effect 
Gear-Tooth Sensor IC 


Anew AC-coupled Hall-effect gear-tooth 
‘sensor IC that switches in response to 
changing differential magnetic fields cre~ 
ated by moving ferrous targets has been 
introduced by Allegro MicroSystems. 
The new 3059 is ideally suited to non- 
zero-speed sensing of spead, position 
and time. It incorporates a voltage requ- 
lator, two quad Hall-etfect sensing ela- 
ments, temperature compensation 








circuitry, a low-level amplifier, bandpass 
filter, Schmitt trigger and an open-col- 
tector output driver. 

In operation, the circuit is coupled with 
‘aback-biasing magnet, and can be con- 
figured fo turn on or off with the leading 
or trailing edge of a gear toath or slot. 
Changes in fields on the magnet face 
caused by a moving ferrous abject are 
sensed by the two Hall transducers and 
are differentially amplified by the on- 
chip electronics. Contact: Allegro 
MicroSystems, Tel: (0932) 253355, 








Robo Owls Stalk the 
London Skyline 

‘Westminster Council in London has pur- 
chased ten battery-operated plastic owls 
to frighten off the hoards of pigeons 
whose droppings foul the pavements 
and monuments of central Loncon’s 
tourist district. 

At irs, officials tried using stationary 
replicas positioned at intervals along the 
parapets of buildings. London's ‘street- 
wise’ pigeons were not impressed, 
demonstrating their distaste in the tradi- 
tional manner. 

Fear not, from initial reports it seems 
that the motorised owls are a greater 
success than their static cousins. But for 
how long? 





BT Siandardise on 
Emergency Number 

Anew emergency number (112) is now 
operating alongside the usual $99 in the 
UK. Itwill put you in touch with such ser- 
vices as police, ambulance and fire 
brigade and is being phased in through- 
‘out the European Union (EU). This is se 
that a common number is available 
wherever you go, in line with parts of 
Europe and the USA. There are no 
plans to scrap 999, 





Engineering 
Organisation Pledges 
Increased Co-operation 
‘At the Audio Engineering Society's 
(AES) 96th Convention in Amsterdam 
at the beginning of March, ties 
with Technical Committee TC84 of 
the International Electrotechnical 
Commission (IEC) — the body responsi- 
ble for international standards in the 
electricity and electronics industries — 
were considerably strengthened. Joint 
meetings were held to discuss digital 
audio, loudspeakers and the intercon- 
nections between equipment, as well as 
interchanges of information on connec- 
tor applications and EMC. 

‘The AES has bean trying for a number 
of years to achieve a closer relationship 
with the IEC, largely as a result of early 
initiatives from European members. 
Unfortunately, a number of formal prob- 
lems of protocol had to be resolved, and 
these always take a very long time, For 
example, the AES is an Intemational 
‘society, but itis based in the USA. Could 
this mean that the USA would get two 
votes in the IEC, or altemativaly, would 
the AES oppose the official US National 
‘Commitiee views on some matters, as 
expressed by the American National 
Standards Institute (ANSI)? On the plus 
side, it is often difficult for people in the 
USA to participate in standards work 
because of the way in vhich it has to be 
‘done in that country of large distances and 
Very strict ‘anti-trust laws. The AES route 
‘should make participation much easier. 

It appears that these problems have 
now been resolved, with much benefit to 
the industry, because the Society's own 
standards will in future be very closely 
aligned with the intemational standards, 
which are adopted by almost all coun- 
tries as national standards. For example, 
the much-needed revision of the 
AES/EBU Digital Audio Interface stan- 
dard, which is also EBU Tech.3250, 
(C958, 8S7239 and CCIR Recom- 
mendation 647, will take place as a 
joint venture, which should even pre- 
vent any confusing differences in word- 
ing between the published standards. Ot 
course, it has to be ensured that the 
EBU and the ITU/B (formerly CIR) do 
not feel left out! 

The importance which the AES at- 
taches to this co-operation can be seen 
by the invitation extended to IEC TC84 to 
hold its 1994 Plenary Meeting, together 
with meetings of most of its Working 
Groups, with the next AES Convention in 
San Francisce in November 1994. 





WordPerfect Provides 
Mobile Communication 
Tools 

WordPerfect has unveiled a workgroup 
compating solution for mobile users, pro- 
viding them with a variety of ways 
to send and receive electranic mail, 
schedule requests and tasks. The 
WordPerfect Office mobile computing 
solution allows users to access 
electronic information contained in 
WordPerfect Oifics through WordPerfect 
Office Remote for bath Windows and 
DOS, two-way wireless technology, 
Paging services, telephone access and 
public carrier access. 

The WordPerfect Office mobile com- 
puting solution offers users remote 
access to: e-mail, calendars and task 
through WordPerfect Office Remote for 
Windows and DOS; paging services 
through Motorola; wireless technology 
through RAM Mobile Data and Cellular 
(Celinet and Vodaphone); the telephone 
through the WordPerfect Office 


Telephone Access Server (TAS); and 





IBM High-Temperature 
Superconductivity 
IBM researches have fabricated the first 
thin films of the high-temperature super- 
conducting material mercury-barium- 
calcium-copper oxide that exhibits zero- 
resistance superconductivity 

Scjentists at the IBM Research 
Division's Thomas J. Watson Research 
Centre, have shown that the films 
became superconducting at a zero- 
resistance transition temperature of 
4124°K (449°C), Because of their excel- 
{ent electrical and magnatic characteris- 
tics as well as a transition temperature 
almost as high as for the bulk form of the 
material, such films are expected to be 
useful in electronic device applications. 

Thin films of other high-temperature 
Superconducting materials are already 
used in several electronics applications, 
but they become superconducting at 
temperatures more than 30°C cooler. 
Contact: IBM, Tel: (0705) 565339. 








BBC Dial-in Time 
Service 

‘The BBC has introduced a pilot service, 
whereby computer users with Hayes 
compatible hardware apd sultable soft- 
ware on their IBM compatible PC, can 
obtain a highly accurate Time Standard. 
The BBC Radio Time Standard is based 
on a pair of Global Positioning System 
(GPS) receivers working in dual-redun- 
dant configuration, together with an 
MSF Receiver. MSF is a 60kHz Time 
Standard operated by the National 
Physical Laboratory. 

Time data accurate to within 500ps are 
assed from the Time Standard to a pair 
‘of Leitch Clock System Controllers, con- 
nected to the public switched telephone 
network (PSTN) modems for access by 
callers. One controller operates on 
Coordinated Universal Time (UTC), 
notionally the same as Greenwich Mean 
Time (GMT), and the other on UK Time- 
of-Day (TOD), adjusted automatically 
between BST and GMT. The main appii-~ 
cation for the service is likely to be the 
synchronisation of real-time clocks on 
computers and other electronic equip- 
ment. Communication details: callers 
will require a PSTN modem which can 
‘operate at 300 Baud full duplex (CCITT 
recommendation V21). 

Details are available from BBC 
Engineering Information, which also 
holds details of software available for 
automatically synchronising IBM com- 
palible PCs. Contact: BBC Engineering 
Information, Tel: (0345) 610 313 (UK 
only) and, Tel: +44 81 752.5040 (over- 
seas). 
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Mobile Management Package 


CS Electronics has launched a mobile 
services management package called 
SerMan, designed to enable fast and 
accurate two-way messaging between 
service engineers and their base. 
SerMan is a fully integrated job dis- 
patch and mobile data system specifi- 
cally designed for service industries. CS 
Electronics claims the system will dra- 
matically improve customer services by 
ensuring that service calls, customer 


data and engineers are properly man- 
aged. 

‘Messages are carried via the Paknet 
Radio Network. This nationwide digital 
radio network ensures that information is 
‘exchanged in seconds and is error free. 
Messages arrive in text form, eliminating 
the problems and high call charges 
associated with voice base systems. 
Contact: CS Electronics, Tel: (0782) 
564564. 








Virtual Working 
Environment 

‘A consortium of UK industrial and acad- 
‘emic partners, led by BT, Is collaborat- 
ing on a project that aims to create 
a ‘computar-generated’ environment 
Where users can work with each other, 
regardless of location, 

Using virtual reality to support co-oper- 
ative Work across dispersed groups, 
Virtuosi will allow people to join discus- 
sions and problem-solving activities at 
home or in different offices or factories 
across the world 

Two pilot services will be developed 
for the project. One will be concemed 
with improving communication between 
a number of BICC cable factories 
throughout the world, The aim is to 
enable managers and works to co-oper- 
ate as if they worked in a single factory. 
For example, experts will be able to Visit 
‘shopfioor staff on another continent to 
resolve technical and production issues 
at the remote factory. 

Expertise from the UK company, 
Division, will contribute to the core 
framework of the project, providing pow- 
ful tools to allow users to interact within 
the virtual environment. BT Laboratories 
and GPT will be involved in developing 
the telecommunications aspects of the 
Project. GPT's contribution will also be 
supported by GEC Marconi Hirst 
Research Laboratories which has con- 
siderable experience in distributed virtual 
teality applications. 

A strong theoretical basis will be pro- 
vided for the project by Nottingham, 
Lancaster and Manchester Universities. 
‘These universities are all involved in UK 
and European Research projects to 
establish the fundamental principles for 
interacting and co-operating in virtual 
environments that will be set up across 
future’ information superhighways. 
Besides developing models and sys- 
tems, thay will also be involved in user 
requirements, capturing and assessing 
the effectiveness of the two application 
pilots. Contact: BT Laboratories, Tel: 
(0873) 647448, 





Young Amateur of 1994 
For the saventh year running, the RSGB 
has announced the Young Amateur of 
the Year Award which is again being 
sponsored by the Radiocommunications 
Agency (RA) and the communications 
industry 

The prestigious award, initiated by the 
FSGS in 1988, is open to anyone under 
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the age of 18 who has an interest in 
amateur radio. It is awarded for the most 
outstanding achievement by a young 
radio amateur who nead not necessarily 
be a licence holder. 

In addition to the coveted title, the win- 
ner will be presented with a £300 cash 
prize, a Sony general coverage receiver, 
‘and a one Week residential course at 
Wray Castle College in the Lake District. 
The runner-up will receive a hand- 
portable transceiver, a £25 book token 
and a multimeter. All entrants will be 
given a copy of an RSGB book 

The closing date for nominations is 31 
July. Forms can be obtained from 
Justine Hodges, RSGB, Lambda House, 
Cranbourne Road, Potters Bar, 
Hertfordshire ENG SJE. 


Maplin Helps Multi- 
Action Security 

For Graham Perks, chief electrical 
instructor, Electronics Department, 
North East Micro Centre, North Shields 
(Brass Tacks), the call from the local 
Multi-Action Crime Prevention Initiative 
\Was most opportune. The Action Group, 
@ police liaison unit, wanted Brass Tacks 
to help design and implement a security 
system to assist its fight against crime for 
the community. 

“Our brief, said Mr. Perks, "was to 
provide a low cost camera monitoring 
device; one which could easily be fitted 
into houses, particularly those occupied 
by elderly people, who needed to see 
who was at their front door. There was 
also a requirement for a security camera 
in local schools to help prevent vandal- 
ism. Cabling in all cases was to be 
avoided with radio providing the possible 
solution. 

‘The chosen system was based on the 
Maplin CCD sub-miniature video cam- 
era with the video converted to a radio 
signal and then fed toa standard TV or 
VHS video recorder. 

‘The low running voltage and depend- 
ability coupled with low price are much 
appreciated by Brass Tacks with plans 
to purchase at least a further 200 CCD 
video cameras from Maplin. At present 
the 25 unit project is very much seen as 
an experiment. Four potential applica 
ions have already been clearly identified 
— Camwatch, a portable home video 
security link; the door entry video; the 
passive infra-red sensor/secutity light, 
and a Garage alarm. Further projects are 
in the pipeline. Contact: Graham Perks, 
Tel: (091) 258 0533. 





Testing Fruit Juice 

A technique developed at the University 
of Nantes in France, to certify the 
authenticity of French wines, is now 
being used to determine whether fruit 
juices reach their mark. 

The Snif-NMR technique determines 
\whether sugars in the juice come from frut 
of sources Such as Sugar beet or cane. 

Eurofins, the Nantes-based company 
Which carries out the process, ferments 
the sugar into alcohol, Magnetic reso- 
nance is then used to determine the 
‘overall ratio of hydrogen and deuterium 
(the heavy hydrogen isatopa) in the alco- 
hol. The ratio varies according to the 
type of sugar, indicating whether it is 
naturally occurring or has been added 
during processing, 

‘The process also identifies where the 
carbon atoms in ths alcohol are sited, a 
further indicator of the purity of the 
orange, apple, grapefruit or pineapple 
juice. Contact French Technology Press 
Bureau, Tel: (071) 235 5330. 





18-Bit Bidirectional ~ 
Buffer 

Integrated Device Technology's (IDT) 
‘new 18-bit bidirectional buffer is ideal for 
use with today's high-speed processors. . 


DIARY 


Every possible effort has been made 
to ensure that information presented 
hare is correct prior to publication. To 
avoid disappointment due to late 
changes or amendments, contact 
event organisations to confirm details, 


3 May. Magnetic Loop Aerials — 
Operating Evening and Talk, Sudbury 
and District Radio Amateurs. Tel: 
(0787) 313212. 


5 to 6 May. Intemational Conference on 
Adaptive Search and Optimisation in 
Engineering Design, Institution of 
Electrical Engineers, London. Tel: 
(071) 344 5446. 


10 to 12 May. Expo-Lab 1994, 
Laboratory Technologies Exhibition, 
National Exhibition Centre, 
Birmingham. Tel: (081) 302 6585. 


10 to 12 May. Control & instrumen- 
tation Exhibition, National Exhibition 
Centre, Birmingham, Tel: (081) 302 
8585. 


11 May. Annual General Meeting, 
Lincoin Short Wave Radio Club, 
Lincoln, Tel: (0427) 788356. 


15 May. Radio Society of Great 
Britain, National Exhibition Centre, 
Birmingham. Tel: (0707) 59015. 


15 May. National Vintage Communi- 
cations Fair, National Exhibition 
Centre, Birmingham. Tel: (0398) 
331532. 


15 May. Special Event Station, 
Sudbury and District Radio Amateurs. 
Tel: (0787) 313212. 


18 May. Japanese Morse by Norman 
Kedrick, Lincoln Short Wave Club, City 
Engineer's Club, Waterside South, 
Lincoln. Tel: (0427) 7883: 


19 May, Lecture on EMI's digital re- 
issues on CD by Andrew Walter of 
Abbey Road Studios, 6.45pm National 
Sound Archive, 29 Museum Road, 
London. Free tickets by arrangement. 
Tet: (071) 323 7760. 


21 May. Fibre Optics by A. Ogden, 
Crystal Palace & District Radio Club, 
All Saints Parish Church Rooms, 
Beulah Hil. Tel: (081) 699 5732. 





21 to 22 May. Intemational Kite 
Festival with Kite Aerials, Wireless 





With a 5:5ns propagation delay, the 
FCT162701T solves the bandwidth mis- 
match problems between interfaces with 
speed differentials, such as CPU-to- 
memory or GPU-to-U/0 in R4400/R4600, 
Pentium and PowerPC applications. The 
FCT162701T combines the functionality 
of two transparent octal latches and an 
18-bit wide, 4-bit deep FIFO into a single 
compact 56-pin part. Compared to the 
equivalent discrete implementation, IDT 
claims it saves over 80° in board area, 
reduces part count by eight-to-one and 
simplifies board layout. 

‘The FCT162701T is available in 330 
milvide, 25 mitpitch 56-pin SSOP and 
in 240 mil-wide, 20 mil-pitch 56-pin 
TSSOP. 55ns and 6-5ns speed grades 
are available, Contact: Integrated Device 
Technology, Tel: (0372) 363734. 





DATES 


Museum, Puckpool Park, Seaview, 
near Ryde, Isle of Wight. Tel: (0983) 
567665. 


25 May. Trip to Guildhall, Lincoln 
Short Wave Radio Club, Lincoln. Tel: 
(0427) 788356. 


6 Juno, D-Day Commemoration 
Display, with working transmitters and 
receivers from the war, Wireless 
Museum, Puckpool Park, Seaview, 
near Ryde, Isle of Wight, Tel: (0983) 
567665, 


7 dune. Using Integrated Circuits, 
‘Sudbury and District Radio Amateurs. 
Tel: (0787) 313212. 


8 June, Junk Sale, Lincoln Short 
Wave Radio Club, Lincoln. Tel: (0427) 
788356. 


14 to 16 June. Multimedia 1994, Earls 
Court 2, London. Tel: (071) 742 2828. 


15 June. Walking Treasure Hunt, 
Lincoin Short Wave Radio Club, 
Lincoln. Tel; (0427) 788356. 


18 June. Electromagnetic Com- 
patibility (EMC), Crystal Palace & 
District Radio Club, All Saints Parish 
Church Rooms, Beulah Hill, Tel: (081) 
699 5732, 





19 June. Special Event Station in 
Halstead, Sudbury and District Radio 
Amateurs. Tel: (0787) 319212. 


19 to 24 June. Unipeds — Elsctricit 
Conference, ICL, Birmingham. Tel: 
(081) 743 3106. 


20 June, Electrotech, National 
Exhibition Centre, Birmingham. Tel: 
(0483) 222888. 


26 June, Special Event Station at 
Great Comard Middle School, 
‘Sudbury and District Radio Amateurs. 
Tet: (0787) 313212, 


27 to 29 June, 5th Satellite Systems 
for Mobile Communications & 
Navigation Conference, Institution of 
Electrical Engineers, London. Tel: 
(071) 240 1871. 





Please send details of events for 
inclusion in ‘Diary Dates’ to: The 
News Editor, Electronics - The 
Maplin Magazine, P.O. Box 3, 





Rayleigh, Essex SS6 8LR. 
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The idea behind the Live Wire Game is not a new one; in fact many designs for 
such games have been published in the popular electronics press over the years. 


Such games are offen seen at fund-raising events such as C! 


urch and School 


Fétes. It may be that if you are known to the Parent-Teacher Association as being 
electronically minded, you might get talked into the job of designing and building 
such a unit. However, help is at hand (at least from the design point of view) 
with this latest variation on the traditional theme. 


oe the benefit of those that have lived a 

sheltered life and have not encountered 

one of these games before, the idea 
behind this project is quite simple. 

The contestant is faced with an 
awkwardly shaped length of ‘live’ wire, 
more reminiscent of a twisting mountain 
path than an electrical conductor, along 
which a small metal loop attached to a 
handle has to be carefully passed, from 
start to finish. The only snag being, is that 
the loop must not touch the ‘live’ wire. if the 
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loop does make contact, a bell (or other 
device) sounds, so alerting the world to the 

| failed attempt. it is usual to pretend that 
the live wire is at some dangerously high 

| potential to add some excitement to the 

| proceedings, of course in reality only some 

| six to twelve volts are present. 

| However, these traditional games often 

| suffer from a few shoricomings. First, there 
is offen no clear indication when the loop 
makes just momentary contact, this can 
often lead fo arguments as to whether the 






COMPLETE KIT 
AVAILABLE (LT57M) 







Features 
* Lives indicator 
> Low voltage operation 
** Easy to build 


Applications 
**& Fund-raising events 
2k Family fun 
2k Reducing stress 


* Improving hand/eye 
co-ordination 













loop made contact or not. Second, the 
contact between loop and wire usually 
carries the bell current directly and if there 
is any appreciable contact resistance the 
bell may not sound properly. Third, differing 
abilities can mean that it is difficult to 
provide an interesting game for a wide 
range of contestants. Too easy, and too 
many prizes will be won, too hard, and 

too many people will fall at the first hurdle’; 
the result can be a lack of interest to have 
another go. 
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X 56 X 172mm 


luding loop) 
+9 lo +16V DC 
50mA max @ 12V 


Supply Voltage 
Supply Current 


The design presented here includes 
some simple electronics to overcome the 
problems mentioned above, and add a 
little more excitement. Whenever contact 
is made between the loop and the wire, a 
buzzer sounds, the minimum duration of 
which is governed by a monostable. Using 
this approach ensures that even the briefest 
contact is clearly registered, so avoiding 
arguments or cheating. Contact resistance 
will prove less of a problem, since the loop 
current required fo trigger the monostable 
is quite low. Contact resistance as high 
as several kilohms will still trigger the 
monostable. Interest is added by providing 
‘lives’ such thal the contestant has, say, 
three lives to make it from start to finish. 
Indicators count off the ‘lives’ as they are 
lost, once all lives have been expired a lost 
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Figure 1. Block diagram of the Live Wire Game. 


indicator illuminates and a buzzer sounds 
continuously. The design presented here 
allows the number of lives to be set 
between one and five. 

As the project stands, LEDs or filament 
lamps can be directly driven. If desired, 
relays could be employed to drive heavier 
loads. For safety reasons, it is inadvisable 
to use the unit to switch'mains voltage 
indicators by any method. | 


" . eas 
Circuit Description 
Figure 1 shows the Live Wire game in block 
diagram form, whilst Figure 2 shows the 
actual circuit. Power is applied to the 
module via P1 (+Vod and P2 (0Vod, 51 
(wired to P3 and P4) is the power switch. 
D1 serves as polarity protection should 

the supply to the Live Wire Game be 
inadvertently reversed. C1 to C4 provide 
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Figure 2. Circuit diagram of the Live Wire Game. 
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Number of Lives Fit Link 


5 LK5 to COM 
LK4 to COM 





Table 1. Number of lives and PCB link 
selection. 


supply decoupling. IC1, a CMOS 555 timer 
IC is configured as a monostable. Normally, 
the output of IC] (pin 3) is low, but when 
IC1's input (pin 2) is taken low, the output 
pulses high for a period of time and then 
returns low again. The time period is set by 
C6 and R3. The ‘live wire’ is connected to OV 
(P6) and the loop that is guided by the 
contestant is connected to the module's 
input (P5). R1 ensures that the input to [C1 
remains high when the loop is not in 
contact with the wire. R2 and C5 form a 
low-pass filter to prevent radiated 
electromagnetic interference from false- 
triggering IC1. 02 prevents IC1’s input pin 
from being pulled negative by C5 when the 
power supply to the game is removed, IC2, 
a CMOS 4017 decade counter, has ten 
outputs, and is used to count off the lives of 
the contestant. Only one of the ten outputs 
can be high at any one time. In this circuit 
only six of the ten outputs are used. At 
switch on, IC2 is reset by the action of C7 
‘ond R6. R5, TRI and R4 simultaneously reset 
{C1. $2 is used to manually reset the game, 
thus avoiding the need to turn the power 
switch S1 to off and then on again. 03 
prevents C7 from taking the reset pin of IC2 
negative when the power to the game is 
removed. When reset, IC1's output ‘0’ (pin 3) 
is high, whilst all olher outputs are low. Each 
time the loop touches the live wire’ a pulse 
is generated by IC], which in turn advances 


Pin Number Description 
+V Supply 
OV Supply 
On/Off Switch: 
On/Off Switch: 
Loop Input 
Wire OV 
R Switch 
Resel Swilch 
Buzzer -V 
Buzzer +V 
LED 6/Lamp 6 -V 
LED 6 +V 
LED 5/Lamp 5 -V 
(ED 5 +V 
LED 4/Lamp 4 -V 


LED 2/Lamp 2 -V 


LED 24V 
LED 1/Lamp 1 -V 
LED 1 4V 
lamp 1106 +V 
Table 2. PCB pin functions. 
8 
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Figure 3. PCB legend and track. 




































































Figure 4. Box drilling details: (a) top of box; (b) rear of box. 
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the outputs of IC] and also sounds a buzzer 
for the duration of the pulse. After one 
pulse, output ‘1’ (pin 2) is high, whilst all 
other outputs are low. After two pulses, 
output '2' (pin 4) is high, whilst all other 
outputs are low. This action is repeated for 
each successive pulse, until the contestant 
‘runs out of lives’, at which point the ‘lost’ 
buzzer sounds continuously until the $2 is 
pressed. The number of lives is set by fiting 
a link on the PCB between one of the pads 
marked LK1-LK5 and the pad marked COM; 
the game can be configured for any 
number of lives between 1 and 5. The link 
connects one of |C2's outputs to IC2's clock 
inhibit input (pin 13); which, when high, 
prevents further pulses from advancing 
IC2's outputs. IC3 is a Darlington transistor 
array and is used to provide drive to the 
lives indicators’ connecied to P11 to P22 
and also the buzzer connected to P9 and 
P10. The indicators may be either LEDs or 
filament lamps. IF filament lamps are to be 
used, R8-1 to R8-6, contained within an SIL 
resistor array are not required. R8-1 to RB-6 
are required if LEDs are to be used. R7-1 to 
R7-8, contained within a DIL resistor array, 
provide drive to the transistors in (C3 and 
serve to limit base current 


PCB Construction 


The PCB legend and track are shown in 
Figure 3 which will assist assembly. PCB 
construction should present few problems 
for most constructors, however, the 
following suggestions will ensure that 
construction proceeds smoothly, Absolute 
beginners are referred to the Constructors’ 
Guide (supplied free with the kit) which 
offers general quidance on building 
electronic projects. Itis best to insert the 
components in order of size, starting with 
the smallest components first, e.g., diodes 
and resistors, working up to the largest 
components, e.g,, the capacitors»Note that 
R7-1 to R7-8 are contained within a single 
DIL package and that R8-1 to R8-6 are 
contained within a SIL package (R8-7 and 
R8-8 are unused). Both of these resistor 
arrays should be fitted so that their pin 1 
marks align with the corresponding marks 
‘on the PCB. Ensure that polarized devices, 
such as the diodes, transistors, ICs, 
electrolytic and tantalum capacitors 
are correctly orientated. Sockets are 
recommended for the ICs since this allows 
easy replacement in case of failure (literally 
servicing in the field in some cases}). Do not 
fit the ICs until al/ other construction and 
wiring is complete. Note that [C1 and IC2 
are both of CMOS fabrication and the usual 
precautions to prevent damage caused by 
electrostatic discharge should be observed. 
+12V DC IN PCB pins are also used to make interwiring 
easier. The ‘lives’ link should be fitted to set 
the required number of game lives. If you 
are building the kit and using the label 
supplied, set the number of lives to five. 
Once PCB construction is complete, 
check over your work to ensure that all 
components have been correclly fitted and 
Figure 5. Suggested lettering and graphics for: (a) top of box; (b) rear of box. that there are no short circuits caused by 
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1.6mm Tinned 
Copper Wire 


att Lint 


solder bridges or splashes. A suitable PCB 
cleaning solution may be used to remove 
excess flux contamination from the PCB. 


Case Preparation 

The box supplied in the kit is made of 
aluminium, and is easy fo drill and file 
with basic metal-working tools. However, 
sensible precautions should be taken to } 
ensure safety when drilling; wear safely | 
goggles fo prevent eye injury caused by 

hot flying metal swarf. Avoid the temptation 
fo remove metal filings from the box by 
blowing them out — you could end up with 
them in your eyes. Keep young children and 
pets out of the work area. Older children, | 
who are eager to help, should be equipped 
with suitable safety goggles. All holes 
should be deburred with a file ora 
deburring tool. 

Figure 4 shows the drilling details for 
the top and side of the box; no drilling is 
necessary in the base. The box is supplied 
covered with a protective plastic film, do 
not remove this until all drilling and filing 
is complete, otherwise it will become very 
badly scratched. The drilling details can be 
marked on the protective film with a fine 
tipped indelible pen. A centre punch should 
be used on all hole centres, which will help 
prevent the drill bit skidding. The larger 
holes can be filed out if suitably sized drill 
bits are not available, but make frequent 
checks on progress as it is very easy to file 
‘out foo much metal! 

The final appearance of the box can be 
substantially improved by spray-painting 
the box before assembly. Aerosol car paints 
are ideal for this and produce excellent 
results, if care is taken. Briefly: rub the box 
down with extra fine abrasive paper; prime 
the metal surface with metal primer; apply 
several thin, even coats of paint and allow 
to dry thoroughly before attempting 
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Figure 6. Modification to a multimeter probe to make the loop and handle. 


assembly. To really make the unit look good, 
ready-made labels are included in the kit 
{and are also available separately). The 
labels are reproduced in Figure 5. 


Making the Loop 
The loop that is passed over the live wire is 


made from a multimeter probe. Referring to 
Figure 6, break the probe tip off at its base 


with a pair of pliers. Then remove the metal 
probe insert from the plastic barrel by 
unscrewing it. Supporting the remainder of 
the probe insert in a vice, drill a 2mm hole 
through its centre. Form a loop from the 
1.6mm tinned copper wire supplied, use a 
pencil or similar as a former — the diameter 
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Figure 7. Assembly and wiring diagram. 


over the barrel of the 4mm banana plugs. =| 
Place the tail of the loop in the hole in the 
probe insert and solder. Solder the extra- 
flexible wire onto the other end on the 
probe insert and refit the plastic barrel 
Fit a. 4mm banana plug onto the free end | 
of the wire. | 
| 
Assembly and Wiring | 
Referring to Figure 7, fit the power socket, 
‘switches, sockets, LEDs, and buzzer. Make 
connections to the PCB with hook-up wire, 
then fit the spacers onto the PCB. Fit the 
PCB into the box and secure. The free ends 
of the wires can be cut to length and 
connected as shown in the diagram. 
The live wire is made from 16mm tinned 
copper wire, bent into a suitably difficult (but 
not impossible} to follow shape. Since the 
wire and loop are connected by means of 
banana plugs, several different live wires’ 
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can be made to cater for a wide range 
of skill levels. To give particularly steady 
handed people a run for their money, 
place a loop in the wire! 


Testing 
Apply power to the unit, either from a 
battery or an AC/DC adaptor and switch 
on. The first, ‘all lives intact’ LED (green) 
should illuminate. After about a second | 
{reset period) bring the loop into brief 
contact with the wire; the buzzer should 
sound momentarily and the lives counter 
decrease by one (yellow LEDs). Repeat this, 
each time the buzzer should sound andthe | 
next LED illuminate. Finally once the ‘all lives 
lost LED’ (red) is reached, the buzzer should 
sound continuously until the reset button is | 
pressed. If all has proceeded as described, 
the unit is fully functional. 

if problems are encountered, recheck all 





of the wiring to trace the fault. If this still 
does not resolve the problem, trace through 
the circuit with reference to the circuit 
description to see if each stage is operating 
correctly. 


Use 


Volunteer fo run a ‘Live Wire Game’ stall at 
the next School or Church Féte and have 
fun watching people getting extremely 
frustrated! 


Other Ideas 


Build a huge Live Wire Game, using large 
lamps and a bell instead of the LEDs and 
buzzer. The driver IC can switch loads of up 
fo 500mA, but for substantially rated loads 
(12V car filament lamps, etc, it will be 
necessary to use relays to switch them. 
Keep the switched voltage below 50V for 
safely reasons, 
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LIVE WIRE GAME PARTS LIST 


RESISTORS: All 0-6W 1% Metal Film (Unless specified) 
RIA 10k 2 
R2 Ik 1 
R3,5,6 470k 3 
R7 10k DIL Resistor Array 1 
R8 4709 SIL Resistor Array, 1 


CAPACITORS 

cl 100\F 25V Radial Electrolytic 
2-5 —_100nF Radial Polyester 

6,7 —-1)5F Tantalum Bead. 


SEMICONDUCTORS. 

D1 1N4001 
023  1N4148 

TRI BC547 

Hea] TSSS5CN 

Ic2 HCF4017BEY 
\c3 ULN2801A 


MISCELLANEOUS 

Ss] DPOT Toggle Switch 

$2 SP Push to Make Switch 
8-pin DIL Socket 
16-pin Dit Socket 
18-pin DIL Socket 
Imm Veropins 
152. x 51 x 298mm Aluminium Box 
Stick-on Feet 
2.5mm Power Socket 
Black 4mm Panel Socket 
Black 4mm Plug 
Test Probe 
TC Wire 16mm 
Black Extra Flexible Wire 
10mm Red LED. 
10mm Yellow LED, 
10mm Green LED 
10mm LED Clip, 


(M10k} 
(M1K) 
(M470K) 
(DL90x) 
{RA26D) 


(FFLIM) 
(BX76H) 
(WW61R) 


(Qt73Q) 

(Q.808) 
(@Q}4Q) 
(RA76H) 
(QX09K) 
(QY78k) 


(FH39N) 
(FF98G) 
(8L177) 
{BL19V) 

(HQ76H) 
(FL24B) 
(KR56L) 
{FD755) 
UKIOL) 

(HF69A) 
(HF625) 
(FK32K) 

(BL11M) 
(XR407) 

(UK25C) 
{UK27€) 

(UK26D) 
(UKI7) 


M3 x 10mm Insulated Spacers 
M3 x 10mm Steel Bolt 

M3 Steel Nut 

M3 Steel Shakeproof Washer 
M3 Solder Tag 

3A Red Wire 

3A Black Wire 

PCB 

Top Panel Label 

Back Panel Label 

Instruction Leaflet 
Constructors’ Guide 


OPTIONAL (Not in kit) 
8x AA Ballery Box 
PP3 Clip 
Alkaline AA Cell ~ 
2.5mm Power Plug 
300mA Unregulated AC Adapter 


{FK64U) 
(HH625) 
(XX09K) 


The Maplin ‘Get-You-Working’ Service is available for this 
project, see Constructors’ Guide or current Maplin Catalogue 
for details. 

The above items (excluding Optional) are available 
as a kil, which offers a saving over buying the 
pars separately. 

Order As LT57M (Live Wire Game Kit) Price £19,99 
Please Note: Where ‘package’ quantities are stated in the 
Parts List (e.g., packet, strip, reel, etc), the exact quantity 
required to build the project will be supplied in the kit, 


The following new items (which are included in the kit) 
are also available separately, but are not shown in 
the 1994 Maplin Catalogue. 
live Wire Game PCB Order As GH75S Price £2.99 
live Wire Game Top Label Order As KP65V Price £1.99 
live Wire Game Back Label Order As KP66W Price £1,28 


12V Buzzer 


{FK82D) 


WHAT IS PAKNET? - Continued from page 13 


accept the most competitive quote from 
any regional generation company, 
rather than being tied to the local 
provider. The local supplier is, however, 
still responsible for supply and billing. 
There is clearly a need for accurate and 
frequent consumption records. Instead 
of expensive leased lines, the Paknet 
system can be used to automatically 
send readings at regular intervals to a 
central control centre. The next phase of 
deregulation will allow those who con- 
sume 100kW or more to choose their 
supplier — eventually the right to choose 
will filter down to smaller businesses 
and even home users. Remote meter 
reading has already been hinted at by 
the electricity industry, even for smail 
users — if Paknet is the chosen system. 
it will grow at a phenomenal rate. 












These applications are the tip of the ice- 
berg. A radio pad linked to a PC (which 
could be a go-anywhere laptop) can 


2 





access a wide variety of value-added ser- 
vices. Company databases, financial 
information, electronic mail and two- 
way paging systems — indeed, anything 
on the connected X.25 network. This in 
itself offers an incredible amount of 
potential — all that interactive comput- 
ing power regardless of where you are! 
A traffic information system based 
around Paknet has already been fea- 
tured in Electronics. This system, known 
as Trafficmaster, was reviewed in Issue 
47 (November 1991). Started in 
September 1990 with a M25-orientated 
service, Trafficmaster has grown to pro- 
vide coverage of the UK’s main motor- 


ways. Current users of Trafficmaster 


are those who would be affected worst 
by delays — for example fire services, 
banks, the AA and courier companies. 
Its acceptance is growing, and what's 
more, like Paknet itself, it’s a British 
development! Even bookmakers, not- 
ably Coral, are using Paknet to provide 
a more responsive horse-racing betting 
service. Also on the leisure front, Paknet 
see the proposed National Lottery as a 








lucrative opportunity — note that Racal 
forms part of one of the consortiums 
bidding to run it. 





‘This article has only hinted at some of 
the vast potential of Paknet. The explo- 
sive growth in its coverage since its 
1990 inception, aided by its ease of 
installation, may well help it to become 
the dominant data communications 
medium. Even now, a diverse range of - 
applications are currently served by 
Paknet — ranging from the privatised 
utilities to retailing. Currently, the num- 
ber of users totals 14,000, and is cur- 
rently growing at a rate of 500 new 
users a month. It will be interesting to 
see whether the system will introduced 
into Europe, and possibly on a global 
basis. In the case of Britain though, 
whose society is increasingly dependent 
on up-to-date and reliable information, 
the future of Paknet can only be 
described as rosy. 
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NW Parallel Pods 


High Performance Low Cost PC Instrumentation 
| Data Acquisition to 20MHz, 32 bit Logic Analyser to 20MHz 






















Data Acquisition & Softscope 











Connecting to the standard printer port of any PC or compatible, the parallel pods offer 100kHz to 2OMHz 
performance from as little as £80.00, including software and interconnecting cable. Up to 4 parallel pods 
may be connected onto a single printer port. Softscope software is supplied with all units, which is used 
to setup, trigger and gather data from up to 4 channels, display in X-Y or in Y-T formats and export to 
most industry standard packages. 


POD 1 10uS Single Channel Low Cost 











POD3 4MHz Data Capture with 8k RAM 


When used with the Softscape software, tums your PC into a 
versatile oscilloscope for use in real time or storage mode. 


POD 2 20uS Dual Channel Simultaneous 
Effectively two POD1 A-D converters packaged together in 
‘one enclosure with a single common trigger. Ideal for X-Y 





With 8kBytes of buffer RAM to POD3 gives true 1MHz 
‘operation regardless of the speed of the controlling PC. 


POD4 20MHz Data Capture with 8k RAM 
At 50nS per conversion, and with 8kBytes of RAM, high 
speed events can be easily captured and displayed with the 


Plotting, or as a two channel display. POD4, with the features of an expensive storage scope. 


















Logic Analyser & IC Tester 















In addition to the data acquisition PODS come the Logic Test PODS the POD21 and POD26. Being 
compatible with the other PODS, they may be used in conjunction. For example using the POD4 with the 
POD21 provides means of recording both analogue and digital signals together and in synchronism. As 
with other PODS the POD21 and POD26 come complete with operating software and parallel port cable. 























POD 21 32Bit Logic Analyser 
Designed to interface with the parallel port of a PC and be 
used in conjunction with the LogicSoft software, the POD21 
provides the functions of an expensive logic analyser at a 
fraction of the cost. Full 32 bit trigger signatures are 
provided, with internal or external clocks, running at up to 
20MHz. 8k x 32bit words of RAM are provided for data 
capture with a full featured display. 











POD 26 Logic |.C. Tester 
The POD26 is an invaluable tool for users of 74 series and 
4000 series logic L.C.s. Simply plug an IC into one of the 
array of Dual in line sockets and the software will quickly 
identity and test it. Extensive software and component 
libraries not only identify and test the IC in question, but 
also provides a display of the truth table. In addition it may 
be used to analyse the truth table of popular PALs. 
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PART THREE 
From Die 
to Device 





Right: Modern integrated 
circuits contain up to 
approximately 15 million 
pn junctions. 


Below: Figure I. Diode 
isolation between two 
transistors and electrical 
representation, 


Bottom: Figure 2. Plessey 
Semiconductor’s Process III 
isolation mechanism, 
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by Stephen Waddington BEng(Hons)., M.1.E.E.E, A.E.E, A.1.TS.C. 


In the two previous parts of this series we have exam- 
ined how semiconductor materials are grown and 
looked at the basic processing techniques used to form 
elements of an integrated circuit. In the final part we 
make the last step towards the familiar dual-in-line (DIL) 
and surface mount integrated circuit packages. 

The fundamental building block of any integrated cir- 
cuit is the transistor: There are essentially two reasons 
for this. 

First and perhaps most important, any electronic 
device that might be used in a discrete circuit such as a 
resistor, capacitor or diode can be formed, by varying 
the physical characteristics of an ‘npn’ transistor. As we 
shall see later, a ‘pn junction’ of either the base-collec- 
tor or the base-emitter can form a diode. A linear 
region within the ‘p-type’ base region or ‘n-type’ emit- 
ter region, forms a resistor, and a reverse biased diode 
may be used as a capacitive element. 

Secondly, the transistor structure can be fabricated 
very easily in monolithic integrated circuits and occupies 
relatively litle space, Consequently unlike discrete cir- 
cuits, transistors are used liberally in physical integrated 
circuit designs, 


A Problem of Separation 

The primary objective of integrated circuit fabrication 
is to build hundreds of components on toa common 
semiconductor slice. Forming individual devices is not a 
problem, but complications arise when several devices 
are constructed within close proximity to each other. 
As current fabrication techniques allow approximately 
5 million devices to be fabricated on a square centi- 
metre of silicon this can be quite a problem. Care must 
be taken, to ensure that devices do not overlap and 
interfere with each other. 
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Numerous fabrication techniques have evolved to 
‘overcome this fundamental design problem, Diffusion 
isolation, or more correctly diode isolation is the com- 
monest form. Here, reverse bias diodes are used to sep- 
arate the functionality of each device. In Figure |, two 
transistors are shown each completely surrounded by 
p-type silicon, The collector of each transistor forms a 
diode barrier with the p-region. If the substrate is always 
connected to the most negative voltage in the system, 
then irrespective of the voltage on each transistor, the 
devices would always be separated electrically. 





Isolation Mechanisms 

The standard diode isolation process suffers from many 
faults. Leakage currents across the diodes, and parasitic 
capacitance between the collector and substrate have 
forced semiconductor manufacturers to develop alter- 
native techniques. These can be broadly grouped into 
two categories, namely diffusion isolation and oxide iso- 
lation. 

Plessey Semiconductors have developed a diffusion 
technique called Process Ill. This allows high speeds, and 
is used throughout both analogue and digital devices. It 
uses a very thin epitaxy and shallow diffusions that give 
narrow base regions and hence high-frequency. 
response, Process Ill based on the standard diffusion 
technique, uses an additional diffusion stage where the 
collector is taken right down to the substrate layer as 
shown in Figure 2. This reduces the series resistance of 
the device, further improving frequency response and 
reducing voltage drops. 

Another form of diffusion isolation, this time from 
Ferranti Semiconductors, is Collector Diffusion Isolation 
(CDI). Here the collector surrounds the whole of the 
device, extending deep into the substrate as shown in 
Figure 3. Again this is a variant of the basic technique 
but since the buried layer is close to the base region, 
the injection efficiency of the collector is improved. This 
means that transistors formed using this technique have 
a high inverse gain, implying low saturation resistance 
and high switching speeds. Consequently both digital and 
linear circuits can be fabricated on the same silicon inte- 
grated circuit. 

Oxidation isolation techniques are more numerous. 
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Four common techniques used throughout industry | 


include, Isoplanar from Fairchild Ltd, V-ATE for Raytheon 
Ltd, VIP from Motorola and Polyplanar from Harris Ltd. 
All four processes depend on etching the silicon surface 
to form an oxide isolation barrier. 


The Bipolar Transistor 
Let us consider how a single npn bipolar transistor 
is constructed on a silicon die. For the sake of simplic- 
ity we will initially consider only a single device. The con- 
struction of more complex devices and actual integrated 
circuits such as the TTL range will be considered later. 
As we have seen in a monolithic system, the substrate 
primarily acts as a mechanical holder to the devices, and 
is usually highly resistive. The transistor is formed by a 
series of up to ten separate implantations or diffusions 
with each one isolated from the previous by a unique 
mask. 


Fabrication 

Initially a thin layer of silicon dioxide is formed on all sur- 
faces of a p-type silicon wafer by exposing it either to 
oxygen or water vapour in a furnace. The first masking 
step defines a heavily doped n-type (n+) subcollector (or 
buried layer) which will provide a low resistance con- 
nection between the active base-collector area and the 
collector contact area on the top of the surface. 
Thermal diffusion or ion implantation is used to form 
the n+ region as shown in Figure 4a. 

After doping, the silicon oxide is removed entirely by 
chemical etching, exposing the entire surface of the sili- 
con wafer, Next a layer of n-type single crystal silicon is 
grown epitaxially by a chemical vapour deposition 
(CVD) process at high temperature. During this 
process, the n-type dopant in the buried layer diffuses 
in all directions, including upwards into the new epi- 
taxial layer as illustrated in Figure 4b. 

A new layer of silicon oxide is now grown to forma 
collector region. A second masking step defines a bor- 
der completely enclosing the isolated n-type regions as 
shown in Figure 4c. A p-type diffusion is continued until 
the entire epitaxial layer has been penetrated, This forms 
the basis of the isolation mechanism that will prevent 
the transistor from adversely affecting the functionality 
of others within close proximity. 

Again the silicon dioxide is removed and a new layer 
formed over the isolation layers. The third masking step 
defines the base region. A dopant such as boron (B) 
(from group 3 of the periodic table) is used to form the 
p-type base as shown in Figure 4d. The n-type material 
is converted to p-type when the density of p-type 
dopants exceeds that of the n-type impurities. This is 
called overcompensation. 

‘The fourth masking step defines the n-type transis- 
tor emitters and the n-type regions for low resistance 
contacts to the collector regions as shown in Figure 4e. 
Again, conversion of the p-type base to n-type requires 
overcompensation, so each succeeding diffused or 
implanted layer must be increasingly heavily doped than 
the one it must compensate. 

The fifth masking step defines contact areas to col- 
lector, base and emitter. A thin layer of aluminium (Al) 
is evaporated over the entire surface and then etched 
ina pattern defined by a sixth mask to form the desired 
interconnections as shown in Figure 4f. A protective 
passivating layer is deposited over the entire surface 
followed by a final masking step which removes this 
layer over the pads where contacts will be made. 


Other Components - Diodes 

Having considered the transistor, how are other com- 
ponents formed? In the case of diodes, there are a num- 
ber of possibilities depending on the electrical 
characteristics required. It is not usual to fabricate exclu- 
sively a pn junction when two regions of a transistor can 
be utilised more easily. Clearly there are a number of 
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Above: Figure 3. Ferranti 
Semiconductor’s Collector 
Diffusion Isolation (CDI) 
isolation mechanism. 


Left: Figure 4. Basic 
stages in npn bipolar 
transistor fabrication: 
(a), n¥ subcollector or 
buried layer; 

(b), Epitaxial layer; 
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Cp 


= Diode capacitance. 


Cos = Parasitic capacitance to ground. 
Ccg= Base / collector capacitance. 


Figure 5, Monolithic diodes 
formed from bipolar 
transistors and equivalent 
electronic circuits. 


Below: Figure 6a, 
Monolithic base diffused 
resistor. 





possibilities as shown in Figure 5. The characteristic dif- 
ferences between the various configurations is primar- 
ily due to variations in the distance of charge diffusion. 

There are other critical factors to be considered. The 
capacitance of the diode and the leakage capacitance to 
the substrate both dramatically effect the frequency 
capability of the diode. In this sense, the fastest diode is 
the emitter-base arrangement since both these regions 
are heavily doped with impurities, implying a low resis- 
tivity and negligible capacitive effect. 
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Above: Figure 6b. Equivalent 
electrical circuit. 


Below: Figure 7. Monolithic 
diffused capacitor. 





Itis also possible to obtain Zener diode action by con- 
necting the emitter and collector, and biasing it positive 
to the base. This is something you could try with a dis- 
crete transistor, but do not except high degree of accu- 
racy. The Zener voltage using this arrangement is 
approximately 7V, though this will vary appreciably from 
device to device depending on manufacturing process 
parameters, 

A second type of diode used frequently in integrated 
circuits is the Schottky device. Essentially it consists of 
a metal area such as aluminium overlaid upon a lightly 
doped n-type region. The excess of free electrons in the 
metal compared with the more restricted n-type region 
causes the formation of a barrier voltage (or Schottky 
voltage) at the junction. If the metal is biased positive to 
the n-region it conducts current, if biased negative it 
blocks like a traditional diode. The Schottky diode is 
typically very fast with a Ins storage time and a low 
voltage drop when conducting — typically 0.3V. 
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Resistors 

The characteristics of a diffused semiconductor strip are 
used to form resistors. For high resistance values, the 
resistivity must be as high as possible. However, this 
requires a low impurity doping, reducing the tempera- 
ture coefficient of the semiconductor. Physical dimen- 
sions are also limited. A resistor can only occupy a small 
amount of an integrated circuit, otherwise there will be 
little space available for other components. Generally, 
resistivities of 300Q can be tolerated without adversely 
affecting the temperature coefficient. 

The absolute accuracy of a diffused resistor is limited 
to approximately 10%, due primarily to the difficulty of 
controlling the diffusion process between individual dies 
and the tolerance of mask dimensions. Within an inte- 
grated circuit the relative tolerance is 3%, dependent on 
tolerance's in diffusion, masking and etching. 

There are other possibilities. The base resistance of 
the base region of a transistor is typically 200 and is 
frequently used. The resistivity of both the emitter and 
collector regions are too low and too high respectively 
to be useful. Figure 6a shows a diffused resistor in the 
base region of a transistor. This can be fabricated at the 
same time as other transistor devices using similar mask- 
ing techniques. A circuit diagram of the arrangement is 
shown in Figure 6b, 


Capacitors 

Monolithic capacitors are not frequently used in inte- 
grated circuits as they are limited in range and perfor- 
mance. There are however, essentially two types; 
diffused capacitors or metal oxide silicon (MOS) capac- 
itors. The diffused capacitor relies on the reverse bias 
characteristics of a diffused pn junction. Using the tran- 
sistor model, this can either be the collector-base or 
emitter-base junction as shown in Figure 7. In this case 
capacitance is proportional to the area of the junction 
and inversely proportional to the depletion thickness. 
Both parameters are in turn dependent on the resistiv- 
ity of the junction materials. Therefore desirable char- 
acteristics for large value capacitors are, a thin depletion 
region, large junction area, and high impurity concen- 
tration, 

Diffused capacitors have a very poor voltage coeffi- 
cient since the depletion thickness is dependant on the 
bias voltage. Typical values are |-2nFmm- using a base 
resistivity of 200, which decreases dramatically for 
larger bias voltages. Low values of Q, (the ratio of reac- 
tance to resistance) which implies poor’ frequency 
response, is also due to the large resistivities involved 
in fabricating diffused capacitors. 

AMOS capacitor uses a thin layer of silicon oxide as 
a dielectric as shown in Figure 8. One plate is formed 
from a metal layer, while the other from a heavily doped 
layer of silicon, The capacitor has a lower leakage cur- 
rent than its diffused counterpart, and a much larger Q 
due to lower material resistivities. The capacitance value 
can be varied between 300 and 800pFmm and is inde- 
pendent of both applied voltage and polarity. 

The major disadvantage of this type of capacitor lies 
in the fabrication process. Additional processing stages 
are required to form the oxide layer and metal inter- 
connections, increasing the production complexity. 
Generally all monolithic capacitors are inferior to dis- 
crete devices, and unless there are obvious benefits to 
be had by fabricating semiconductor devices, designers 
will opt for the discrete device. 


An Integrated Circuit 
Having considered the fabrication of transistors, diodes, 
resistors and capacitors, let us now look at how each 
of these might be combined to form a simple integrated 
circuit. Figure 9 shows an electronic circuit that forms 
the basis of numerous commercial 3-pin integrated cir- 
cuit packages. How is this device fabricated? 

The starting material is a slice of highly polished sili- 
con of up to I 2in. diameter as shown in Figure 10a. The 
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slice will be capable of accommodating many thousands 
of similar integrated circuits which would all be fabri- 
cated in a single process, 


Transistor First 
The first step is to diffuse the transistor buried layer 
which will provide a low resistance contact in the base- 
collector area of the transistor, and prevent Schottky 
action as shown in Figure 10b. This is achieved as we 
have seen previously, by growing a silicon dioxide layer 
on the surface of the wafer, and by photographic tech- 
niques, such as etching a window in the required posi- 
tion, Next, an n-type dopant is heavily diffused into the 
region as shown in Figure |0c. For initial layers such as 
this, arsenic (As) is often used, since it diffuses slowly 
and will not move during subsequent fabrication stages. 
An n-type epitaxial layer is grown over the whole area 
as shown in Figure 10d, followed by a silicon oxide layer. 
Again photolithography is used to define windows 
through which isolated regions can be diffused, as shown, 
in Figure 10e. This forms the basic isolation mechanism 
between each of the four devices. A silicon oxide layer 
is grown over the surface and masked to form the 
p-diffusion region of the transistor base and other 
regions as shown in Figure 10f. The doping concentra- 
tion is selected to suit the transistor requirement, not 
the capacitors, resistors and diodes, and this limitation 
must be accepted, 
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A fourth photographic mask is used to form the emit- 
ter regions of the transistor as shown in Figure 10g, fol- 
lowed by a fifth mask that opens up the contact areas 
of the silicon surface. Finally, a metal layer (usually alu- 
minium (Al)) is deposited over the device and etched to 
form the interconnection pattern shown in Figure 10h. 

After six masking stages it is apparent that the fabri- 
cation of even this very basic integrated circuit involves 
a great deal of processing between photolithographic, 
epitaxial, oxidation and diffusion plants. Careful handling 
is required at all stages, and each operation should be 
executed in a clean atmosphere since impurities will 
damage the silicon wafer and act as undesirable dopants. 

A different furnace is required for each dopant, since 
equipment quickly becomes saturated by the dopant 
chemical. This means a bank of at least eight diffusion 
furnaces are required for a single process. It quickly 
becomes obvious, that establishing a fabrication process 
even for the simplest integrated circuit is an expensive 
business. 


Unipolar Devices 

Manufacturers of unipolar integrated circuits incorp- 
orating field effect transistors use the same fabrication 
techniques employed for bipolar devices. The two 
essential physical differences are that the epitaxial layer 
is replaced by a thin gate oxide, and the isolation mech- 
anism is formed using heavily doped barrier regions. 
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Far Left: Figure 8, Metal 
oxide silicon capacitor. 


Left: Figure 9. Electronic 
equivalent circuit of 

a typical three pin 
integrated circuit. 


Figure 10, Stages in the 
fabrication of an integrated 
circuit: 

a), Silicon die; 

(b), Buried layer diffusion; 
(©), Epitaxy; 

(@), Isolated diffusion; 


(h), Interconnection etch. 
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Let us consider how an NMOS (n-type conducting 
channel) unipolar transistor is fabricated. Comple- 
mentary MOS (more commonly CMOS) combines both 
n-channel and p-channel devices in a single integrated 
circuit. 
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Figure Il. Basic stages 
in the fabrication of an 
n-channel MOS device: 
@), Transistor definition 
and isolation mechanism; 
(b), Silicon oxide and 
polysilicon; 

(©), Insulating layer; 

(qd), Metal deposition. 


Figure 12, Final stages 
of integrated circuit 
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NMOS Fabrication 

Figure | la shows a p-type segment ofa silicon wafer. A 
thin layer of silicon nitrate (SisN,) is deposited by CVD 
on the entire wafer surface. The first masking step 
defines areas where the transistors are to be formed and 
the SisN« is removed from outside the transistor areas 
by chemical etching. Boron (B) (p-type) is implanted in 
the exposed region, followed by a layer of silicon oxide 


(SiO:) to form the isolation mechanism. In this case the | 


SisN« inhibits the growth of oxide in the transistor 
regions. With its function over, the SisN, is removed 
using an etchant that does not attack SiO2. A layer of 
approximately one micron thick SiO2 is grown in the 
transistor areas. This is a critical stage in the process, 
since it forms the gate oxide which must be thin to give 
a low operating threshold, but also pure to maintain 
device stability. It must also be free from pinholes that 
would short the metal electrode to the silicon surface. 
A second CVD process deposits a layer of polycrys- 
talline silicon over the entire die in preparation for a sec- 
‘ond masking step that defines the required patterns for 
the gate electrodes. 

Undesired polycrystalline silicon is removed by chem- 
ical or reactive ion etching. An n-type dopant (phos- 
phorus (P) or arsenic (As) is introduced into regions that 
will become the source and drain by ion implantation 
through the thin silicon oxide layer as shown in Figure 
1 1b — giving automatic alignment of source, gate and 
drain. 

A third CVD process deposits an insulating wafer 
across the whole wafer, accompanied by a masking step 
that defines the areas in which contacts to transistors 
are to be made. Chemical etching bares the silicon layer 
in the contact areas as shown in Figure IIc. 

Aluminium is evaporated over the entire wafer to 
form contacts while a final masking step defines the 

















fabrication. required interconnection pattern as shown in Figure I 1d. 
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Operational Characteristics 

With no voltage applied to the device, the path from 
drain to source is obstructed by two pn junctions back 
to back in series, There is no conducting channel 
present and the only current that flows is due to diode 
reverse leakage. 

When source, drain and body are all grounded and a 
positive voltage applied to the gate, the high electric field 
in the gate region draws electrons into the channel 
region under the thin oxide layer. The heavily doped 
n-type source and drain regions provide a copious 
source of electrons. 

A minimum threshold (V7) of gate source voltage 
(Ves) is required to form a channel of the order 0:5V 
to 2.0V. With a conducting path now present, current 
flows between drain and source — the size of current 
flow is dependent on the gate voltage since the con- 
ductivity channel is dependent on the gate voltage. 


New DMOS Plant 


Texas Instruments has unveiled plans for a new plant in 
Dallas that will give the company one of the world's 
largest semiconductor wafer fabrication facilities. 
Investment in the new plant will be undertaken in phases 
starting in 1998 and is expected to total between 
US$750 million and US$1 billion. 

The new facility will be called DMOS 5 and will be 
attached to Texas Instrument's existing DMOS 4 facil- 
ity, which was built in 1984 and expanded in 1988. 
Combined, DMOS 4 and DMOS 5 will give Texas 
Instruments one of the world’s largest semiconductor 
complexes under one roof. With a total of more than 
90,000 square metres of space, it will include 13,000 
squares metres of top class clean room area. 

DMOS 5 will produce semiconductors with dimen- 
sions as small as 250nm, or 400 times smaller than the 
diameter of a human hair. Eventually, the facility will pro- 
duce semiconductors as small as 120nm, or more than 
800 times smaller than the diameter of a human hair: 

The entire complex will rank as one of the world's 
cleanest and most environmentally sensitive areas. 
Systems inside the plant will automatically clean the 
exhaust fumes, recycle water, reprocess chemicals and 
reduce energy consumption. 


Bipolar versus Unipolar 

Although both bipolar and unipolar transistors derive 
their names from the number of charge types involved 
in their action, there are two fundamental operational 
differences. Firstly the bipolar transistor operation 
occurs at the base region which is buried some distance 
below the surface within the bulk of the silicon die. By 
comparison, conduction in a unipolar transistor occurs 
due to the formation of a conducting channel under the 
thin surface oxide. 

For this reason a unipolar device is susceptible to con- 
tamination during manufacture and spurious voltages 
during its operating life time. Perhaps it now becomes 
clear why data sheets for CMOS devices describe exten- 
sive static handling and operating precautions, while 
TTL technology is more forgiving. 

The second operational difference between bipolar 
and unipolar devices is apparent from an examination 
of their respective cross-sections in Figures 4f and Id. 
Ina bipolar transistor, the base metal connects directly 
to the embedded silicon, and the gate of a unipolar 
transistor is isolated by a layer of silicon oxide, This 
means that the unipolar transistor has a higher gate 
input impedance. 


Unipolar Developments 


| Whereas the main battle in bipolar technology has been 


to increased circuit density, unipolar systems haye devel- 
oped in two directions. Ten years ago the prime objec- 
tive was to reduce operating voltages so that unipolar 
circuits could be interfaced to bipolar 5V TTL logic, and 
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more recently 3V rails. With this objective achieved, 
attention has been focused on making unipolar circuits 
faster. 


Packaging 

Once an integrated circuit has been fabricated (whether 
it be bipolar or unipolar) and interconnecting layers 
added to ensure individual circuits are linked as required, 
the device must be packaged so that it may be used as 
part of a discrete circuit. 





Figure 12 illustrates the final stages in the manufac- 
turing process. Individual dies are tested on the wafer, 
before being separated and bonded to a thick film sub- 
strate. The bond may be made to a main conducting 
track (if the substrate itself is a conducting element) or 
more usually to an insulating section of the die. It must 
therefore have either good electrical conduction or 
insulation properties as well as having mechanical 
strength, good heat conduction and should not create 
any undesirable pn junction. 

Having fixed the silicon die to a substrate, wire 
bonding techniques are used to connect electrically the 
metallised pads to either conducting tracks within the 
case or to package leads. Thin gold or aluminium wire is 
used for this task and connections made by thermo- 
compression or ultrasonic bonding methods. 





The Dual-In-Line Package 
Integrated circuit packaging could quite easily occupy an 
article within its own right, but we will limit ourselves 
here to the most familiar plastic and ceramic arrange- 
ments. 

The most commonly used plastics are epoxy and sili- 
cone resins. Both materials are used because of their 
excellent adhesive and thermal properties, Good adhe- 
sion to the die is essential so that damp ingress is pre- 
vented, while a high thermal expansion coefficient 
prevents stresses forming in the package that could 
damage the leads or fine bonding wires. 
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Resin Shortage a 

Last July, an earthquake in Japan, caused a fire at the 
Sumitomo Chemicals plant — previously the world’s 
main supplier of epoxy resin used to manufacture semi- 
conductor devices. The effect on the semiconductor 
industry has been devastating, causing panic buying of 
integrated circuits. 

| One result is the escalation in the price of single in- 
line memory modules (SIMMs) — the RAM integrated 
circuits mounted on tiny PCBs, used to extend PC 
memory. Whereas IMb SIMMs previously cost 
between £20 and £30 last summer, they are now sell- 
ing for about £40 each. 
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The ceramic dual-in-line package as shown in Figure 
13 will probably be a familiar integrated circuit to 
readers. In this case the die is housed in a cavity and 
bonded by an insulating glass composition. The ceramic 
lid is initially metallised and then sealed onto the body 
using a soft solder technique. 

Plastic dual-in-line packages do not have a cavity for 
the die. Instead the moulded package completely sur- 
rounds the package. 

Packages used to house VLSI devices can present a 
problem. These integrated circuits are relatively large 
and generally have many outputs — typically 40 to 60. 
Although dual-in-line packages are still used, several 
superior arrangements based on surface mount tech- 
nology have evolved. Apart from having a footprint area 
which is about a third of through-hole mounted com- 
ponents, surface mounted packages are often the only 
economical way of handling devices with pin-outs 
greater than about 40. Pin grid arrays can be used, but 
are more expensive. 

















‘Above: SOIC packages 
shown alongside DIL 
integrated circuits. 


Far Left: An individual die 
may be copied across a 
silicon wafer, enabling 
numerous integrated 
circuits to be fabricated 
simultaneously. 


Below Far Left: Grid array 
packages are relatively 
expensive compared with 
other packages. 


Left: Figure 13. Exploded 
cross section of ceramic 
dual-in-line integrated 
circuit package and side 
elevation. 


Below: Figure 14. SOIC 
package with winged leads. 





























GLOSSARY 


Depletion layer: 


Right: Figure 15. PLCC 
packages with both J-style 
and butt leads 


Top Far Right: Packages 
like the small outline 
integrated circuit (SOIC) 
save approximately 60% 
space over conventional 
dual in line devices. 


Bottom Far Right: PLCC 
have an even greater pin 
density than all other forms 
as pins are placed on all 
four sides of the device. 





Bipolar transistor: An electronic device in which both electrons and holes 
play an essential role in its operation, In common usage 
a bipolar junction transistor is usually referred to simply 
as a transistor, 






retype: 
A region within a semiconductor device that has a net 

charge due to insufficient mobile charge carriers. 

Depletion layers are inevitably formed at the interface AF doping 
becween two dissimilar conductivity types of 

semiconductor (pn junction), in the absence of an p-type: 


applied voltage and at the interface of a metal and 
a semiconductor (Schottky barrier). 


Doped: The application of a particular type of impurity to a p+ doping: 
semiconductor in order to achieve a desirable level — 
ae Mere le pn junction: 
of n-type or p-type conductivity. Donor impurities are 
added to form an n-type semiconductor and acceptor 
impurities for p-type. 
Electrons: A stable elementary particle that has a negative charge Resistivity: 


of 1-602 x 10" coulomb, mass m of 9-109 x 10k. 
Electrons are constituents of all atoms, moving around 
the nucleus in several possible allowed orbits. They may 
also exist independently. 


lead frame 


Butt Style 
lead frame 


SOIC and PLCC 

Figure 14 shows the small outline integrated circuit 
(SOIC) with winged leads that extend out from the two. 
sides of the package at intervals of |-27mm. The pack- 
age is thin and therefore requires very little board width. 
The solder pads are also small leaving room for tracks 
to be run between pads when laid out on a printed cir- 
cuit board. The package is self-aligning with the viscos- 
ity of the solder causing the leads to be pulled into 
place on its pads, and because solder joints are visible, 
they can be easily inspected. 

Placing pins on all four sides of the integrated circuit 
package further increases the number of pin outs. Plastic 
leaded chip carriers (PLCC) can have either winged or 
J-shaped leads as shown in Figure 15. The package is 
again self-aligning, but since the solder joints are made 
under the package they cannot be readily inspected. An 
alternative non surface-mounting arrangement uses 2 
holder to enable the PLCC style package to be used on 
conventional printed circuit boards. 


Injection efficiency: The efficiency of a pn junction under forward bias, 
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defined as the ratio of the current carried by injected 
minority carriers to the toral current across the junction. 







Conduction in a semiconductor in which current flow 
is caused by the movement of electrons through the 
semiconductor. 








Heavily doped n-type semiconductor. 






(Conduction in a semicondiictor in which current flow 
is caused by the movement of electrons through the 
semiconductor 










Heavily doped p-type semiconductor. 





The region at which two semiconductors of opposite 
polarity meet. A simple pn junction (a homojunction) is 
formed of the same material in which doping levels lead 
to wwo different conductivity types. 







‘A material property equal to the resistance per unit 
length, Resistivity is the reciprocal of conductivity; the 
lower the resistivity of a material, the better conductor. 
In semiconductors, the higher the doping level, the lower 
the resistivity. 
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discharge and charge cycle. Switches 
allow different voltages and capacities 
wo be catered for, thus preventing over- 
charging. Sophisticated monitoring of 
both voltage and temperature allow 
reduced capacity (‘damaged’) batteries 
to be charged, using 2 puled ourput 
technique. 


‘cliuff rate can be made to match the 
train speed, and the tonal balance can 
also be adjusted to suit. Once in oper- 
ation it lends realism to any model 
steam train set. 


CAR ALARM ULTRA- 
SONIC INTERFACE 
Current trends in vehicle crime involve 
smash and grab offences, with forced 
entry through parts of a vehicle not pro- 
tected by current sensing equipment. 
‘This project provides the facility to 
interface an ultrasonic sensor to an 





A new three-part series begins next 





REUSABLE FUSE 





‘There are more terrific projects and fea- 
tures winging your way in next month's 
super issue of Elzcmonies ~ The Maplin | 
N , including: 


INTELLIGENT Ni-Cd 

BATTERY CHARGER 

This project uses an IC specifically 
designed to handle the needs of Ni-Cd 
batteries, and its use can improve the 
performance of cells with ‘reduced 
capacity’, through a constant current 











Self-resetting electronic fuses, which 
behave rather like conventional slow- 
blow and can replace them in 
| many applications, have a significant 
advantage over the traditional type, 

specially for experimental work and 
initial trials on newly constructed cir- 
cuits. This project uses a MFRO020 fuse 
suitable for currents up to 200mA. The 
Reusable Fuse is an intelligent system 
which is fitted between any test circuit 
and its power supply, in the range +4 
to +18V DC. If the current exceeds 
200m< for any reason, a buzzer gives a 
short bleep and an LED flashes con- 
tinuously; the current then falls to a 
very low holding value until the fault 
has been corrected, 




















alarm system; adding further protec- 
tion to basic current sensing-only car 
alarm units. Standard 3-wire ultrasonic 
sensors, stich as those by Moss are ideal 
for use with this interface. 


month all sbout the history and wark- 
ings of ‘Surround Sound’, covering 
variations from two-channel stereo to 
the latest developments. Other features 
continue with the final instalments of 
How to Use Digital Panel Meters, and 
‘Transmission Lines. 





MODEL TRAIN 
CHUFFER 

One aspect that is normally missing 
from a model srain set is the actual 
sound of a chuffing tain. This model 
steam train chuffer produces a realistic 
chuff whilst the train is in motion, and 
3 hissing sound emulates escaping 
steam, whilst the tain is at standstill. 
A power supply of approximately +20V 
DC is required. Adjustment of the 





Special features describe how to choose 
and use Video Connectors, and how 
video images will soon be handled via 
computer networks. All this plus all 
your favourite regulars too! 
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LET’S GET DIGITAL 


with the TTL Test Unit 





by Terry Pinnell 





taken up electronics fairly recently 

are much more at home with digital 
circuitry than | was in the early 
stages of this hobby. Some are 
probably even using microprocessor 
chips in their projects with a lot 
more confidence. But if you are not 
yet at that advanced stage, and if 
CMOS has not completely banished 
TTL (ransistor-Transistor-Logic) 
from your component drawers, then 
"'d warmly recommend that you 
consider making your own version 
of this project. Quite apart from 
its usefulness on the workbench, 
it provides both educational and 
practical value. 

The ‘TTL Test Unit’ consists of up 
to nine separate circuits in the one 
case, all powered from an external 
SV supply. Apart from testing 
existing logic systems, its other 
useful role is as an aid to developing 
experimental logic circuits to explore 
TTL digital logic, and it has proved 
extremely useful for that purpose 


Fea those people who have 


Summary of Circuits 
The nine circuit modules are 
summarised in Table 1 (right), 
each is described in detail later. 
Note that for some of them, 
specifically the noise-free switches, 
lagic level testers and inverters, the 
individual circuits are duplicated for 
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increased versatility. Quite often, 
when working with TTL circuits, you 
will need to supply several logic 
inputs or monitor several outputs. 
You could of course decide to 
incorporate only a subset of the 
nine modules, thus altering the 
nature of the finished instrument. 
For example, without the logic 
testing sections it essentially 
becomes a TTL signal generator, or 
conversely if you include only the 
output monitoring parts then it could 
simply be called a TTL logic tester. 
And of course any one of the modules 
could be constructed for a specific 
purpose, to be used on its own. 


Module 1: Noise-Free 
Toggle Switches 

As soon as you start working with 
digital circuits of any kind, you will 
quickly find that you need manual 


Module Description 


Signal Generators: 

4. Noise-free toggle switches 
2. One-Shot Pulse Generator 
3. Push to Change button 

4. Clock: YaHz to 240kHz 

5. Inverters 


Logic Level Testers: 

6. #1 High, Low & Pulses 1 
7. #2 High, Low & Intermediate u 
8. #3 Simple High/Low 

9. Negative Pulse Indicator 4 








test signals which make a clean 
transition from Low to High and vice 
versa, once and once only each time 
the switch is operated. If you try 
using an ordinary or/off switch, 
there will be multiple transitions 
because the mechanical contacts 
bounce. 

This is @ well-known problem 
with digital circuitry, and has given 
rise to 'debounced’ input stages 
and debouncing algorithms in 
microprocessor software and some 
specialised ICs. There can be dozens 
of such spurious signals with some 
cheap toggle or slide switches. 
This was brought home to me 
dramatically when, in my naivety, | 
first tried connecting such a switch 
to a TTL counter | had proudly 
constructed. Each time | toggled 
the switch from High to Low to 
clock the counter chip, the two-digit 


No. IC{s) Device Type 
FF 


IC1a,b,c,d & IC2a,b = 
\C1 = 74121 

ICic,d = '/e x 74LSO0 (IC2 above) 
IC1 = 555, IC2a.b = */2 x 74LS00 
ICic,d = ‘/2 x 74LS00 (IC2 above) 


1/2 x 74LS00 


IC1 = 74124, \C2a = Y. x 74LS00 
ICia.b.c = %/; x 3900 

ICid = ‘/; x 3900 (IC1 above) 
ICic,d = V2 x 74LS00 above 


Table 1. Summary of the nine modules included in the TTL Test Unit. 
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O+5V 
bei 
| | 5 SF 100nF 
ICia Souk 
7-segment display at its output RI R2 ie 
jumped to some arbitrary number, 1k tk Note: Fi 
such as from 5 to 46, or 73 to eT Lae 
21. | wasted a lot of time looking for is 
something that was wrong with my = ICib a Out 
counter rather than my input signal. R 


With a proper switch, like those 


presented here, your logic circuitry {? ov R 5 a a 

will only get exactly the number of Toggle switch 

pulses you want to give it. s1 olo Netallawed 
The complete TTL tester has 

three identical modules, the detailed Olin ie) st 

circuit diagram for one only is 4 0 4 

shown in Figure 1. The three {——} 

modules or circuits all share two 1 1 Stays the same 


quad 2-input NAND gate ICs, and 
the actual gates used in these ICs 
are summarised in Table 2. The 
three switches use a total of 

one and a half chips, leaving half 
remaining for further use in one 
of the other modules. The TTL chip 
chosen is the 74LS00 low-power 
Schottky type, as these are now 
considerably cheaper than the 
foregoing 7400 yet with superior 
specification. The pin-outs are 
shown in Figure 2, together with 








Reset Set 












“Truth Table 































Figure 1. Circuit and truth table of the Noise-Free Switch module (1 of 3). 


Pins. Resistors 





1,2,384,5,6 
13, 12,11810,9,8 
1,2,384,5,6 





R1 &R2 
R3 & R4 
R5 & RG 


Table 2. Use of 74LSO0 gates for the noise-free switches. 





























remaining half of IC2, if three switch 
circuits are made, remains available 


the internal schematic of the gates, 4 eS for another module, e.g., either the 
as an aid to wiring up the circuits Push-to-Change or Inverter circuits. 
using this chip. | 2 13) 

The Noise-Free Switch circuit is Module 2: One-Shot 
a basic bistable, alternatively called Ki 72) Pulse Generator 
a Set-Reset or S-R flip-flop. The This module provides clean, 
bistable crops up time and again ry i high and low output signals for 
(in CMOS as well as TTL), so it's about half a second, and its simple 
worthwhile fully understanding circuit is shown in Figure 3. 
how it works. The 74121 is a versatile IC 


Suppose, to begin with, that 
the toggle switch is in the Reset 
position. This means that R is low 
and S is high. The truth table shows 
that in these circumstances the 
output Q is low (Q = O). If the 
switch is now moved towards the 
Set position, R goes high, as the 
contacts come apart, albeit perhaps 
only for a few milliseconds, due 
to the inevitable noise. Meanwhile 
the S input on pin 1 is still high, 
because contact has not yet been 
made on that side of the switch 
(assuming it is not one of the 
make-before-break types.) 

So, during this brief changeover 
period, both inputs are high, which 
the truth table shows results in 
no-change; the output remains high. 
But as soon as the sprung switch's 
contact reaches the other side, it 
takes S low and so the Q output 
goes high, because R = 1 and S 
= 0. But R is now steadily high, so 
even if the switch contact bounces 
off the Set position again, briefly 
making S = 1, the truth table 
shows that there is no-change in 
the low output. 

Therefore, throughout the short 
transition the Q@ output remains low, 
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Figure 2. Pin-outs and internal schematic of 
the 74LS00 quad 2nput NAND gate IC. 


and throughout the very short 
bouncing phase before S settles 
permanently in a low state, the 
Q output remains high. 

Conversely, if the taggle switch 
is moved back to the Reset position, 
this makes R = O and S = 1, so 
Q = 0, ie. it takes the output low. 

Note that the prohibited 
combination of both inputs 
being simultaneously low is not 
encountered in this circuit, again 
provided that the common break- 
before-make type of switch is used. 

An output can also be taken to 
the front panel from the output Q. 

TIL circuits are best protected 
against supply rail noise by liberal 
use of small decoupling capacitors, 
so a 100nF ceramic capacitor, C1, 
is included, wired closely to pins 
7 & 14 of each IC. Note that the 





specifically for monostable or pulse 
generation. Its internal circuitry and 
pin-outs arrangement is illustrated 
in Figure 4. 

There are several ways of 
configuring a 74121 to produce a 
single monostable pulse, including 
a variety of triggering methods. The 
circuit shown here takes advantage 
of an internal resistor connected 
between pins 9 & 11, which is 
externally supplemented by R2 and 
C1 in Figure 3 to give the required 
timing period. 

Trial and error is probably the 
best way of choosing these timing 
components for a special case. 
Personally, when making timing 
circuits, | often have a specific 
capacitor at hand of the right 
type and roughly the right value, 
so | then choose a resistor by 
breadboarding the combination 
until | get the duration period 
about right. 

The trigger input options of the 
74121 include a pair of negative OR 
inputs at pins 3 & 4 (A1& AQ). In 
other words either pin 3 or 4 going 
low while pin 5 is high will trip the 
device. Alternatively these can both 
be tied low, allowing a positive going 
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Figure 8. Monostable madule circuit. 


signal at pin 5 (called B) to trigger 
the device. 

In this case the trigger is 
provided by a normally closed push- 
button switch on the panel, which 
produces a positive-gaing input 
signal when pressed. The necessary 
cleaning-up of this noisy triggering 
(taking account of switch bounce, 
etc.) is handled by the B input, 
which has a Schmitt input followed 
by a flip-flop, as shown in Figure 4. 
The flip-flop forms the monostable, 
which when tripped only stays in 
the set mode for the duration set 
by the R/C network. However, one 
useful feature of the 74121 is that 
this monostable can be retriggered 
before the time-out period expires 
and it will commence timing again 
from start. = 

Both Q (positive going) and @ 
{negative going) output pulses are 
available from the device. If any 
problems with retriggering are 
encountered when $1 closes on 
release of the button, a 100nF or 
220nF capacitor can be connected 
across the switch contacts 
between R11 and OV. Again a 100nF 
capacitor is provided for supply 
decoupling, C2, which should be 
connected as close as possible 
between pins 7 & 14 of the IC. 


Module 3: Push-to- 
Change Button 
Another useful module is this 
alternate action push button. Its 
output changes state each time the 
button is pressed, with debouncing 
and contact conditioning built-in. 
The circuit is shown in Figure 5. 
Two gates of a 74LS00 Quad 
2-input NAND IC are used as 
inverters. They are arranged so 
that, when the push button is 
pressed, the voltage on the 
capacitor C1 is transferred to 
the input of IC1a, and hence with 
further inversion and buffering via 
\C1b to the output. The capacitor 
stores the value (high or low) that 
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Figure 4. Pin-outs and internal schematic of 
the 74121 monostable IC. 


will be applied to the input of IC1a 
on the next press. These are good | 
clean transitions, as IC1a & b are 
wired together as a flip-flop. C1 
cannot recharge or discharge while 
the switch remains closed, because 
the low value of R1 will hold it at 





the current level. When S11 is 
released, C1 is allowed to charge via 
the much higher value resistor, R2. 
Note that the two other gates 
of IC1 may be unused if this module 
is to stand-alone. Otherwise they 
can be the two unused gates left 
over fram the Noise-Free Switches 
module. Note also that C2 should 
be included if the module is stand- 
alone, having a dedicated 74LS00. 
Otherwise it is not needed as it is 
already included for that IC in the 
Noise-Free Toggle Switch module. 


Module 4: Clock 

For designing, testing and debugging 
TTL circuits you won't get very far 
without a reliable clock to generate 
repetitive pulses. To maximise 
versatility it must cover a wide 
frequency range. In this project the 
rotary switch allows the selection 
of five ranges, with potentiometer 
control within each of them. In 
practice the clock frequency-can 

be varied from about 1 pulse every 
30 seconds (2 per minute) up to 
240kHz. 
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Figure 6. Clock module circuit. 


Maplin Magazine June 1994 


After experiments with the 7413 
and other TTL chips | concluded 
| couldn't get the wide range | 
needed. So | eventually settled on 
a 555 timer IC to form the basis of 
the clock circuit, which is shawn in 
Figure 6. 

The 555 timer has been available 
from a variety of manufacturers for 
more than fifteen years now, and is 
an extremely versatile IC, although 
there is no need for a constructor 
to be fully familiar with its-internal 
circuitry. 

The circuit in Figure 6 is a fairly 
basic astable configuration. The 

five timing range capacitors C2 to 
C6 are switched in by the rotary 
switch 51, and the individual control 
is through the potentiometer RV1 

in series with R2. To ensure the 
output signal goes close to 5V, 

a pull-up resistor R11 is included. 
The additional transistor stage TR1, 
providing a buffered and inverted 
output, was added after discovering 
that loading the non-inverted output 
direct from pin 3 

of IC1, even by as high a resistance 
as 1kQ to ground, increased the 
output frequency significantly. From 
TR1 a TTL level non-inverted output 
is provided by one gate of a 74LSO00 
IC2a. A further inverted output is 
also provided, using a second gate 
following the first, IC2b. Note that: 
the two other gates of IC2 may 

be unused if this module is to stand- 
alone and have its own 74LSO0 IC. 
Otherwise they can be the two 
unused gates left over from another 
module. This IC can be shared by 
the Inverters (see Madule 5). 

The output pulses are not square, 
which is sometimes regarded as an 
ideal for clock signals, but in 
practice | have 

never found this to be essential. 

Obviously the clock can be used 
for triggering TTL circuits which 
need either a positive-going or 
negative-going edge, as each pulse 
includes one of each! Sometimes it 
matters which one of these comes 
first. Normally. with high-frequency 
clocking, it won't be of any 
consequence. 

But with a very low-frequency 
signal it might be important that 
the TTL circuit is triggered almost 
immediately on application of the 
clock signal, in which case some 
thought would be needed as to 
which edge was doing the triggering. 
The wrang choice could mean that 
an indeterminate time could elapse 
after the apparent application 
of the clock signal before the first 
triggering actually took place, which 
might give misleading results. 
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Figure 7. Inverters module circuit. 


Unless you are aiming at a very 
high standard indeed, it is not 
usually worth the effort to get 
precise linear calibration, consistent 
across all ranges. In fact | suspect 
it would prove impossible, due 
to the large variation of some 
capacitors with temperature 
and age. 

My five ranges overlap widely, so 
that in practice the entire frequency 
can be spanned. | calibrated the 
potentiometer dial roughly with a 
home-brewed frequency counter, 
plus a stop watch for the two low 
ranges. A summary of the 
frequencies and capacitor values 
is shown in Table 3 (below). 


Frequency Range 4 
Minimum frequency 0: 083Hz 


joint O.O66Hz 


Mi jum frequency 3Hz 
Capacitor C6 
Capacitor value ulole/tis 
Capacitor type Tantalum 


Table 3. Timing capacitors and frequency ranges for clock circuit. 





adhd 


Module 5: Inverters 
Occasionally it is handy to be able to 
change a high signal to low and vice 
versa. This module is simply two 
74LSOO0 gates wired as inverters. 
It needs no explanation, but for 
completeness a circuit diagram is 
shown in Figure 7. The two NAND 
gates can be any spare pair from 
another module, e.g., the Clack. 
Otherwise if a dedicated 74LS00 

IC is used, for a stand-alone 
module for example, then C1 is also 
required, fitted as close as possible 
between pins 7 & 14 of the IC. 


Logic Level 

Testing Circuits 

The four modules covered so far 
have all been signal generating 
circuits, whereas those that will 
be described now are for signal 
detection. 

Three different types of logic 
level testing circuit were included. 
Although this was partly for my 
personal curiosity and learning, 
it also resulted in some practical 
advantages. Firstly, several 
different signals could be monitored 
simultaneously. Also, each of the 
three types has different 
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Figure 8. Logic Level Tester #1 circuit. 


characteristics which were useful 
in their own right, as will be 
explained in the respective circuit 
descriptions. Furthermore, 
connecting a single TTL signal 
under test to two or three of the 
detectors simultaneously (that is in 
parallel) could sometimes be quite 
instructive, particularly when brief 
(and often unwanted) pulses were 
intermixed with regular counting or 
clocking signals. 


Module 6: Logic Tester 
Type 1: High, Low and 
Pulses 

The first of the three is the type 
most commonly encountered in 
professional TTL probes, see Figure 
8, and includes a pulse indicator. 
Three coloured LEDs are used to 
discriminate between the three 
possible logic states: red for high, 
green for low and yellow for pulses. 

If the input signal is higher than 
about 2-1V, then diodes D1 and D2 
conduct, and NPN transistor TR1 
is biased on, switching on TR3 and 
lighting the red LED, LD3. 

On the other hand a low input 
takes the output of inverter IC1a 
high, lighting the green LED LD1 
via TR2. 

How about pulses? The 74121 
monostable IC is used again, with its 
input options wired up for a positive 
going leading edge input, as was 
1C1 of the Monostable module. 

If the input goes from high to 
low then, due to the inverting 
action of IC1a, pin 5 of IC2 goes 
high triggering the monostable, so 
yellow LED LD2, driven by TR4, lights 
for about one second. Very short. 





duration signals can be detected, 
whether they are one-off or 
repetitive. In practice, pulses 
around 500ns (half a microsecond) 
were reliably indicated, even at peak 
amplitudes of anly around 3V. In 
addition, because the monostable 
of IC2 is a retriggerable type, LD2 
will remain steadily lit for as long 
as the pulses are present. Also, if 
the pulses are of short duration, 
the other two LEDs can indicate 
whether they are positive or 
negative going. For example, if 
the green LED also glows (perhaps 
dimly), then the input level is at 
logic O most of the time, with 
positive going pulses to logic 1. 
Note that only one gate of the 
741800, IC1a, is used in this module. 
The remainder can be used in 
another module, e.g., the Negative 
Pulse Indicator (see Module 9). 


Module 7: Logic Tester 
Type 2: High, Low and 
Intermediate 

TTL logic circuits like to see voltages 
which are either below about 0-8V, 
which is regarded as Low, or over 
about 2-4V, which they take to 

be High. Signals in between these 
thresholds have an effect on TTL 
rather like that of boxing gloves 

on a pianist. The circuit is shown 

in Figure 9. 

This, the second of the three 
logic testers, includes an indicator 
showing when the input is in this 
forbidden territary. It uses three 
of the four comparators in a 3900 
quad Norton op amp. This is a 
rather unusual IC which, unlike a 
conventional op amp, amplifies the 
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difference in input currents rather 
than input voltages. Incidentally, 
an equivalent IC, which you might 
occasionally come across, having 
identical pins and similar 
specification, is the 3401. 

The test voltage is applied in 
parallel to the two comparators 
IC1a and IC1b,. Their other inputs 
are set to reference voltages 
derived from the voltage divider R4, 
R7 & R10. With the values shown 
these establish the lower threshold 
at O-8V and the higher one at 2-4V. 

If the input is logic low, then the 
output-of IC1a will remain high, but 
that of IC1b will go low, switching 
on the green LED LD1. If the input is 
high the reverse happens, i.e. IC1a 
goes low and IC1b remains high. In 
either case clamping diodes 01 or 
D2 hold off \C1c, the intermediate 
indicator stage. 

If the input falls within the gap 
between these valid | levels then 
neither comparator IC1a nor IC1b 
will go low, i.e. both will be high. 

So the input to IC1c at pin 13 will 
be close to 5V, while its other input 
will be about 2-5V, set by voltage 
divider R18 & R21, so the output 
at pin 9 will go high, driving on TRE 
and lighting the yellow LED LD3 

In this case an invalid intermediate 
state will be shawn. This is possible 
where for example a logic line 

is open circuit, or a device with 
3-state outputs is in its ‘high 
impedance state’, i.e. its outputs 
are not enabled, (3-state devices 
are most commonly found in 
microprocessor systems, but 

can appear in more modest dogic 
circuits.) 
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Figure 9. Logic Leval Tester #2 circuit. 
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Module 8: Logic Tester 
Type 3: Simple High 
and Low 
By contrast, the third tester circuit 
is a very simple one, making use of 
the one comparator left over in the 
3900. lt just shows high and low 
states, which are set nominally at a 
threshold of about 2V. Although this 
is not strictly accurate as far as the 
TTL specification is concerned, it is 
still useful for most general purposes. 

The circuit's operation is very 
straightforward and it is shown in 
Figure 10. The input is compared, 
by comparator IC1a, with the voltage 
at preset RV1, nominally set to 2V. 
\f the signal is higher than this then 
pin 10 goes high. This turns TR2 on, 
effectively shorting out LED8. TR1 is 
off because its base is high, so red 
LED LD7 passes current via TR2, 
indicating a high level. 

Conversely if the input is low, 
TR1 is on, TR2 is off and LO2 lights. 


DAE SE me ee 
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Module 9: Negative 
Pulse Indicator with 
Manual Reset 

This final module has proved 
extremely useful for detecting 
otherwise elusive signals and 
intermittent spikes. Negative-going 
pulses shorter than 100ns can be 
detected, possibly very much 
shorter; in fact that is the narrowest 
setting of my home-brewed signal 
generator, so | was unable to 
measure its lower limit. 

The circuit is shown in Figure 11. 
The pulse indicator section is just a 
standard dual NAND gate bistable, 
and the low-going input signal takes 
the output high, lighting the red 
LED. The bistable action causes 
this state to be latched on until 
reset. So if, for example, you 
suspect a circuit under test to be 
malfunctioning because of spikes 
or glitches, then you can use this 
module to check for negative pulses. 
To test for positive going pulses the 
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Figure 12. Suggested layout of stripboard for complete TTL Tester Unit. 


module could be preceded with one 
of the inverters. 

If, when you first connect an 
input signal, the indicator comes on 
at once then it is probably because 
the input is already static at a low 
TTL logic level. You will need to 
either reconnect the tester to 4 
different part of the circuit under 
test, or take it through one of the 
inverters. 

The bistable is reset by S1, but 
to work properly the input must be 
logic high or open circuit. A train of 
pulses can be verified by repeatedly 
resetting the detector; if the LED 
always relights then the pulse train 
is present. 


Construction 

| have not provided detailed 
construction instructions, as there 
is so much flexibility in the modules 
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Figure 10. Logic Level Tester =3 circuit. 
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you might want to include, and wide 
scope for personal customisation 
over the type and size of the case 
and connectors. 

The prototype was constructed 
inside a plastic fishing tackle box, 
but the Maplin range of cases 
includes many superior modern 
alternatives. My circuit was made 
on a rectangular piece of O-1in. 
stripboard measuring about 2-1in. 
by 5in., and an approximate layout 
of the ICs is shown in Figure 12. 
Alternatively plain matrix board can 
be used and the component Wires 
soldered together underneath. 
Always use IC sockets as this takes 
the strain off the ICs themselves 
during soldering. No detailed wiring 
layout is provided; simply follow and 
double-check against the circuit 
diagrams. 

A fundamental design decision 
taken at the outset was to use 
test leads with croc clips (and other 
sprung probes of various types) to 
get signals to and from the-unit. 
There were various choices of 
connector for inputs and outputs, 
but | eventually settled for using 
18swg tinned copper wire. Each 
of these was shaped to lengths of 
about half an inch (longer for the 
power rails) and then inserted 
through small holes drilled in the 
panel. A touch of resin-epoxy glue 
was added but was probably 
unnecessary given the deliberately 
chosen tight fit. 

Wires were soldered easily from 
these to the stripboard. 


a 


The power for the circuit can 
come from either a bench supply 
(my preference) or from the circuit 
under test, if the extra current 
presents no problem. Cansumption 
is quite substantial in the prototype 
because | used standard TTL in 


PARTS LISTS 


NOISE-FREE SWITCHES 


RESISTORS: All 0:6W 1% Metal Film. 
R1-6 1k 


CAPACITORS 
1,2 100nF Disc Ceramic 
SEMICONDUCTORS 
Ic1,2 74.s00 
MISCELLANEOUS 
51-3 Min. Toggle Switch 
14-Pin DIL Socket 
Wire, solder, stripboa 


preference to LS versions of the 
ICs, and with five LEDs lit it could 
be as much as 270mA. In addition 
to being applied by crac-clips to the 
wire rails, | included a standard 
phono socket and a 3-Smm jack 
socket for the SV DC input 


SEMICONDUCTORS 
(Miko (C1 
Ic2 
TR1 
{(8X03D) 
MISCELLANEOUS 
S1 


(YFOOA) 


(FHODA), 
(BL18U) 
rd. 


CAPACITORS 


ONE-SHOT PULSE GENERATOR C1 


RESISTORS: All 0-6W 1% Metal Film. 
RI 1k 


R2 4k7 


SEMICONDUCTORS 
(miK) ie4 


(Ma4k7) 


Preferably, a 47uF electrolytic 
supply decoupling capacitor should 
be included on the board at the 
point where the DC power comes in. 
My unit is now nearly ten years 
old and still giving good service. | 
hope yours proves just as useful. 


NES55N 
741800 
BC548 


(GH6BW) 
(YFODA) 
(QB73Q) 


(FF74R) 
(BLI7D 
(BL18U) 


2.Pole 6-Way Ratary Switch 
8-Pin DIL Socket 

14-Pin DIL Socket 

Wire, salder, stripboard. 


INVERTERS 


100nF Disc Ceramic (BX03D) 


74.S00 (YFODA) 


MISCELLANEOUS 
EA AETORS 14-Pin DIL Socket 


Wire, solden, stripboard 


(BL18U) 
4.7F 63V PC Electrolytic 


100nF Disc Ceramic 


{FFO3D) 


c2 (8x03D) 


LOGIC TESTER #1 


RESISTORS: All O:‘6W 1% Metal Film. 

Ri 100k (Mi00K) 
10k (wii 0K) 
15002 (M150A) 
27k (M27K) 


SEMICONDUCTORS 
Ic4 


SN74121N (QX73Q) 


MISCELLANEOUS 
S1 


R2.3.4,7 
R5.6.8 
RO 


(FH6OQ) 
(BL18U), 


Push to Break Switch 

14-Pin DIL Socket 

Wire, solder, stripboard 
CAPACITORS 

PUSH-TO-CHANGE CIRCUIT Ci 

RESISTORS: All 0-6W 1% Metal Film. 

R41 68092 

Re 


220k 
CAPACITORS 
ci 


83,/F 35V PC Electrolytic 
4100nF Disc Ceramic 


(L140) 


c2 (Bx03D) 


(680A) 


SEM IRS 
(Mm220K) |CONDBUCTO! 


11 74LS00 
SN74121N 
BC548 

BC558 

4IN914 

Red 5mm LED. 
Yellow 5mm LED. 
Green Smm LED 


(YFODA) 
(QX73Q) 
(QB73Q) 
(aai77) 

(QL71N) 
(WL276) 

‘WLS0H) 
(WL28F) 


47nF Disc Ceramic 
100nF Disc Ceramic 


(Bx020) 


c2 (BxO3D) 


SEMICONDUCTORS 
C1 


MISCELLANEOUS 
si 


74.800 {YFOQOA) 


MISCELLANI 
Push to Make Switch 1 us 


14-Pin DIL Socket 4 
Wire, solder, stripboard 


(FH59P) 


-Pir IL Se 
Hae 44-Pin DIL Socket 


Wire, solder, stripboard. 


(BL1BU) 


LOGIC TESTER #2 


RESISTORS: All 0:6W 1% Metal Film. 
4k7 


CLOcK 


RESISTORS: All O-6W 1% Metzal Film (Unless specified). 
3 


R1 
10k 1 (Mito R2.5,6,8.9.17, 


220k Rotary Linear Pot 4 18,19.20,21 


(M4K7) 


(wi10K) 


(FWosG) tM 


560k 
27k 
15k 
10k 
1kB 
1502 


(MIM) 
M5600 
(M27K) 
(M15K) 
(ion 
(M1K8) 
(M150R) 


10nF Disc Ceramic 1 
1nE Monolithic Ceramic 1 
GnBF Monolithic Ceramic 4 
220nF Monolithic Ceramic 1 
47F G3V PC Electrolytic 41 
1O0uF 10V Tantalum = 1 
A.00nF Disc Ceramic 1 


(BxXO0A) 
(RA3SN) 
(RA43W) 
(RASOE) 
(FFO3D) 
tww7s) 
(BX03D) 


R10,12,14,.22 
R11,13 
R15,16,23 


Continued on next page 
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CAPACITORS 
Ci 100nF Disc Ceramic (BX03D) 
SEMICONDUCTORS 
{C1 uwi3s00 
Bes58 
BC548 
INS14 
LED Green 5mm 
LED Red 5mm 
LED Yellow 5mm 


(QH42V) 
(aa171) 
(@B730) 
(QL71N) 
(wlzeph 
(WL276) 
(WL30H) 


MISCELLANEOUS: 
14-Pin DIL Socket 
Wire, solder, stripboard, 


(BL18U) 


LOGIC TESTER #3 


RESISTORS: All O-6W 1% Metal Film (Unless specified). 
fc 4M 2 (wim) 
1kB 1 (M1K8) 

15002 2  (M150R) 
10k Hor Enclosed Preset 1 (UHO3D) 


SEMICONDUCTORS 
1 tm3so0, 
BC548. 
BC558 
Green Smm LED 
Red 5mm LED 


(QH42V) 
(Q@B730) 
(aB177) 
(WL28h) 
(WL275) 





TWENTY KITS 



















DESCRIPTION OF KIT ORDER AS PRICE DETAILSIN 
TOATOE2 1W Argifer LPIgS £495 Megarne 37 (XAITS) 
UNTEH S460 Magarne 29 (KA20G) 
(PSA, £2095. Magazne 41 (KAMIU) 
7 VEX £595 ‘(CA IM) 
AGC Mic Arie LPG 8875 51 (MASI) 
LWP £795 O4(CANtI) 
ty 64 (KABAU) 
(PRD £795 34 AGEN) 
Uiesy £495 ®B (ARY) 
TOK £395 57 (XASTM) 


UBT 


£1295 
$855 
85 


25 Auto Angler 
Becronic Siren 


(CANIM) 


Over 150 other kits also available, All kits supplied with instructions. 
The descriptions are necessanly short. Please ensure you know exactly what 
the kit is and what it comprises before ordering, by checking the appropriate 
project book, magazine or catalogue mentioned in the list above. 
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14-Pin DIL Socket 1 
Wire, solder, stripboard. 


(BL18U) 


NEGATIVE PULSE INDICATOR 
RESISTORS: All 0-6W 1% Metal Film. 
R12 1k 


(Mik 
(M10K) 
(M150R) 


Re 410k 
R4 15092 


CAPACITORS 
ci 100nF Disc Ceramic 


SEMICONDUCTORS 

101 74.500 

TAI BC548 ~ 
to1 Red Smm LED 


(8x03) 


(YFOOA) 
(QB73Q) 
(WL27E) 


MISCELLANEOUS: 

$1 Push to Make Switch 
14-Pin DIL Socket 
Wire, solder, stripboard, 


(FHSSP) 
(BL18U) 


The Maplin ‘Get-You-Working’ Service is not available 
far this project, nor for any of its separate modules. 


The above items are not available as a kit. 








MAKE YOUR INTERESTS PAY! 


Train al home for one of these Career Opportunities 
















Over the past 100 years more than 10 million students throughout the 
world have found it worth their while! An ICS home-study course can 
help you get a better job, make more money and have more fun out 
of life! ICS has over 100 years experience in home study courses 
and is the largest correspondence school in the world. You learn at 
your own pace, when and where you want under the guidance of 
expert ‘personal’ tutors. Find out how we can help YOU. Post or 
phone today for FREE INFORMATION on the course of your choice 

(Tick one box only!) ig 


































| | GCSE/'A' LEVEL over 40 examination subjects to 
I choose from. ASK FOR DETAILS. 
: TV, Video & Hi-Fi 
i Servicing 
l Elec. Contracting/ Refrigeration & Air _ 
I | installation | Conditioning oO 
: Desktop Publishing 1] word Processing oO 
| 
| MeMrsiMiss: 
I Address: 
I 
1 P.Code 
I Intemational Correspondence Schools, Dept. EKS64 
I 312/314 High Street, Sutton, Surrey SM1 1PR. 
Tel: 041 221 7373 (24 hours). Fax: 041 221 8151. 
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First Look at... 
Paradox for Windows 
by Bret Ellis 

Paradox for Windows is one of the 
leading database packages for the PC. 
This book provides a self-paced, hands- 
‘on tutorial that covers the essential 
and most commonly used features of 
Paradox for Windows, The book has 
been written such that it can be used as 
a short course on Paradox for Windows, 
‘Or aS @ Supplement in a PC applications 
course, and in a variety of business 
‘courses, or as a self-paced guide to 
Paradox for Windows. 

The text has been written in plain, 
‘simple language, and provides step 
by step instructions typical of this series 
of books. A complete ‘Command 
‘Summary’, a helpful troubleshooting 
Quide and a comprehensive index will 
quickly help the reader become familiar 
with the software. 

The book begins with basic start-up 
information, then progresses to the 
more advanced features of the software 
package. Each lesson has an objective 
that provides an overview; a step by 
step hands-on tutorial that will quide the 
reader through specifi functions and 
commands; screen displays that monitor 
the reader's progress; a summary of 
Commands that makes reference quick 
and easy; review questions to reinforce 
key concepts and hands-on exercises 
that the reader can apply the skils and 
concepts leamed. 


A well-written book that will be of 
benefit to all those who are interested in, 
of use Paradox for Windows. 

1994. 192 pages 233 x 186mm. 
Mustrated. 

Order As AAG5V 

(Paradox For Windows) £7.95 NV 


PCs for Dummies 

by Ban Gookin & Andy Rathbone 
As with other files in the Dummies’ 
‘Series, this book is designed for those 
People who wish to do the job and not 
to become computer geniuses. This 
book is more a reference as each topic 
is independent and can be read in 
isolation —cross references are provided 


40 








for the times when further information is 
tequired. Everything you need to know 
about your PC is covered in the text, 
except information on using the software 
and using DOS. 

Itis @ fact of life that there is a lot of 
technical information involved in using 
a computer. Where it was felt necessary 
to include such information, then the 
text is clearly marked. However, itis 
not a requirement to read the technical 
information and it may be ignored, 
‘but it will provide substantial information 
about your PC, 

Part 1 contains basic computer 
information and includes setting 
Up @ computer, getting help and 
understanding common computer 
phrases. Part 2 covers specific parts of 
‘@ computer and includes a chapter on 
laptops. Part 3 deals with using DOS, 
software, Windows, networks and much 
more, Part 4 is a summary and contains 
a host of hints, tips, suggestions and 
other useful facts, neatly arranged into 
convenient chapters. 
1992. 395 pages. 235 x 188mm, 
illustrated. American book” 
Order As AA63T 


(PCs For Dummies) £14,99 NV 


Beam Antenna 
Handbook 

by William |. Orr and Stuart D, 
Cowan 

‘The radio spectrum is a smail portion of 
the electromagnetic spectrum and the 
DX radio amateur is more concemed 
with bands covering 1-8MHz and 
SOMHZz. Its in this region that radio 
‘communication over long distances 
takes place. 

Before the last World War 
constructing a rotary beam aerial was 
a Very tedious job, but since then, the 
rotary Yagi beam has attained an 
important place in the world of radio 
communication. The authors have for 
many years been keen enthusiasts 
of the design, and all their experience 
and knowledge, and others has been 
combined into this informative 
handbook. 


This handbook covers all aspects 
of HF and VHF Yagi antenna design. 
Information on construction, instalation, 
testing and operation of these aerials 
is included along with the effects of 





dlement faper, mounting hardware and 
matching systems. The twelve chapters 
cover topics ranging from radiation and 
propagation antenna, transmission lines, 
matching the antenna to the line through 
to antenna test instruments. This is in 
addition to the many antenna designs 
that are featured in this book including 
computer derived designs for high gain 
antenna for the HF and VHF bands. 
Dimensions are conveniently provided in 
both English and metric measurements, 
along with scaling information that 
permits many designs to be used on 
frequencies outside the amateur bands. 


This attractively priced book isa must 
for all amateur radio enthusiasts. 
1990. 272 pages. 233 x 186mm, 
illustrated. American book. 
Order As AASOP 
(Beam Antenna H/Book) £7.50 NV 


PC-Assisted Linear 
Circuit Analysis & 


Drawing 

by lan Sinclair 

In the past, analysis of linear circuits 
used fo be a long and tedious process, 
requiring many repetitive calculations — a 
task thal was not very easily undertaken 
by the amateur, Even the professional 
engineer found such calculations 
tedious and off-putting. Even if a formula 
exists, passive and filer circuits can 

still present considerable problems, for 
often small deviations from the circuit are 
not allowed for in the calculations. The 
problem becomes one of analysing the 
‘system from first principies. If you have 
‘eccess to a PC, then the problem 
disappears when a linear analysis 
program is run. Circuits can be analysed 
in terms of amplitude and phase 
response over a wide frequency range, 
and the effect of tolerances can also 

be considered. 

This book introduces the principles 
and explains what is required to analyse 
@ variety of commen circuits, by 
following a large number of examples. 
In addition, the effects of stray 
Capacitance, and source and load 
resistance values are illustrated. 

The book uses Aciram and 
Autosketch as example sofware. By 
using a low-cost CAD program such as 
AutoSketch, itis possible to automate 
the process producing precise and 
plintable circuit diagrams of a very 





|. (Lin Circuit Analysis) 





The book is not aimed at the 
absolute beginner to linear circuits, 
but will be of interest to the student, the 
technician or engineer, the interested 
amateur and anyone involved with finear 
circuit development work. A basic 
knowledge of computers is assumed, 
although a more detailed knowledge 
of electronics is obviously required, 
1993. 280 pages 246 x 189mm. 
thustrated. 
Order As AA62S 
£14.95 NV 


The Guide to Electrical 
Safety at Work 

by John Whitfield 

The Electricity at Work Regulations 
1989 became effective in Great Britain 
‘on 1st April 1990 and in Northem. 
Ireland on the 1st January 1992. The 
purpose of the regulations is to ensure 
that all necessary precautions are taken 
in work related activities to prevent 
death of personal injury from electricity. 
They are statutory Regulations made 
under the Health and Safety at Work 
Act 1974, In simple terms what this all 
means is that electrical systems must 
be safe for those using them — electrical 
installations must comply with the 
regulations for Electrical Installations, 
as published by the IEE. This guide 
explains the relevant regulations in detail 
and in an easy to understand manner. 
itis important to realise that the 
regulations do apply to houses. 

Anyone at work in a house, for 
example installing electrical installations, 
extending or repairing it, or even 
repaiting or servicing electrical 
appliances, is at work and is thus 
Subject to the Regulations. 





‘This book is intended to answer 
questions that are likely to arise for 
people at work who need to know about 
the Regulations. The employer and 
sett-employed wil ind this @ very useful 
book to have permanently to hand. 
Equally, the emplayed person will find 
the book extremely useful. The material 
has been presented in a non-technical 
manner 50 that the book will be useful 
for all. Highly recommended. 

1992. 142 pages. 197 x 142mm, 
ilustrated, 

Order As AAB4U 

(Guide Elect Safety) £9.95 NV 
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Outsoureing an 





organisations are increasingly. 

questioning whether their in-house 

EDP (Electronic Data Processing) 
functions are delivering the information 
systems and the cost-effectiveness that 
today’s competitive business climate 
requires. ‘Outsourcing and facilities 
management is a solution that allows 
organisations to hand over some or all of 
their computing-related functions to third 
parties, thus restoring costeffectiveness 
and organisational flexibility. 

“Outsourcing? literally means looking to. 
contract the execution of a service outside 
a company. The decision to outsource 
service or activity becomes more charged, 
however, when it also means discontinuing 
an activity formerly carried out with the 
company’s own means and resources (in- 
house), and buying it from third parties, 
This is particularly so for computing 
activities hitherto considered so vital, 
strategic or confidential that they could only 
be carried out in-house, but which are now 
increasingly being put out to third parties. | 

Traditionally EDP services have been kept 
in-house, protected more by the conviction 
that it is inconceivable to contract them 
out than by any considered aversion to 
outsourcing. However, the continuance | 
of an in-house EDP activity, against a 
background of constant technological 
development and ongunisational change, 
requires that a Company constantly reviews 
its EDP activity and attempts to contain 
rising costs. This means expending financial 
and professional resources on an activity 
that, although essential, provides only a 
support function to a company’s real 
business operations. 

‘The company can subcontract activities 
not considered to be differentiating for 
its position in the market, allowing it 
to concentnite the available resources 
on its own core business. These non- 
differentiating activities do not contribute 
in an obvious way to the company’s image, 
but this does not mean that their quality, 
effectiveness and efficiency are any less 
important. On the contrary, the comp: 
that decides to outsource an activity 
should pay particular attention to 
obtaining the best service to cost ratio, for 
the optimisition of these nonifferentiating 
activities plays an important role in giving 
4 company its competitive edge. 













































Reasons for Outsourcing 
But why outsource? One most immediate 
stimulus for a decision to outsource 

is dictated by short term financial 
considerations. In particular, the 
opportunity to transform much of 
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company’s fixed costs into variable 
costs, which should then keep pace 
with a company’s evolution, is a powerful 
argument indced. But there are other 
internal factors that prompt a company to 
consider outsourcing. These include the 
need for greater flexibility in a company’s 
Information Technology (IT) resources, & 
reduction in an organisation's operational 
levels, the geographical spread of 
organisations, the increasing rate of change 
in practically all business operations, and 
the speed of technological development, 
which makes it difficult for in-house EDP 
staff to keep abreast of the latest trends. 

Unless there are special factors. 
outsourcing only has economi 
where the outsourcing supplier's 
organisational and technological scale is 
superior to that of the client. If the client 
organisation is of a comparable size, it may 
prefer to continue to search in-house for 
economy, effectiveness and efficiency. 
‘The best reason for using outsourcing, 
and the one that also provides the highest 
probability of success, is the desire 
to concentnite on using technology 
strategically, to remain competitive in one's 
own business sector. By shaking off the 
burden of daily technological problems, 
the company has more time to dedicate 
to its technological partner and attain, 
with their collaboration, a more effective 
understanding of how technological 
products and services, both current and 
innovative, can be used to formulate the 
company’s business strategy. 

The correct attitude is to recognise 
that outsourcing is a one-way street and 
essentially comprises the definition and 





tractions: 





























Disaster recovery 
and planning 


Education 
and training 


Figure 1. Basic components of outsourcing. 








management of a medium to long term 
relationship. This means that the two 
parties must be able to work together in 
agreement on strategic decisions, rather 
than on the more traditional basis of a 
customer and supplier relationship. The 
stability and success of the relationship 

is not ensured by a contract alone. 
Outsourcing places the emphasis on a 
collaborative approach regarding strategic 
planning and the management of change. 
‘The supplier of the services is called the 
“outsourcing partner’ and must be chosen 
not just for its size and technical skill, but 
also for other aspects such as financial 
structure, shareholder solidity, management 
pability and capacity, etc. 


How it Works 


Figure 1 shows a basic outsourcing 
structure. The supplier achieves economies 
of scale, offering a range of resources to 

a number of clients at favourable prices. 
‘The supplier's other great ability is that 

of planning, and here the customer must 
acknowledge that collaboration with the 
supplier in this planning activity is both 
essential and to its advantage. 

So, should company consider 
outsourcing or facilities management? 
Although just about any EDP function can 
be dealt with by outsourcing, initially users 
may be reluctant to contract out strategic 
functions, such as design and maintenance 
of information systems, or to stipulate 
a partnership covering the whole’ 
management of information technologies. 
Amore gradual approach, with less 
ambitious objectives, is that of facilities 
management (Figure 2a). 























Software 
integration 


Account integration 
management 


System 
configuration, 


System 
relocation 


Data centre 
design and 
construction 
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Information systems 
(Lifeblood of an enterprise) 








Data network which provides 
end users with access to 
remote resources 


An outsourcing partnership can define and balance 
basic components according to users’ objectives 


The outsourcing of EOP 


MIS 


Facilities 
management 





Design development 
Maintenance evolution 





Integration 


Management 





Computer 
resources 


Networks 














Scope 


Duration 
transitional/ 
crossroads 


Equipment 


ownership —supplier-—managed 


Evolution of 
technology _| 


Operational <___—__—______> Strategic 
Short term/ <————________> Long-term 


Client owned/ <—_______> Supplier—owned 





Environment Batacownte 


management 


Relationship 
with supplier provider 
Benefits 


(b) sought savings 


Service <—__________»> 


Cost <> 


Business 
opplications 
management 


Network 
management 


Strategic 
business partner 


\T expertise <—> Business 
service quality re-engineering 
expertise 





Figure 2; (a), Facilities management is not a standalone business; (b), customers face a range of 


options, 


Here, the supplier takes over the 
operational side of the client's EDP 
function, providing the technological and 
organisational infrastructure to carry out the 
processing, but which the client continues 
to control, providing the input and planning 
the processing activities. Thus the client is 
relieved of the problem of managing and 
maintaining that part of the organisation 
dedicated to the executive side of its 
computer processes, and the maintenance 
of means and resource 

The term ‘outsourcing’ is often used to 
indicate ‘facilities management’, as it is the 
most common implementation. However, 
facilities management is just the first stage, 
which can be enhanced by moving it closer 
to the client's decision making processes, 
starting with operation scheduling (see 
Figure 2h). To do this, the supplier must 
have an adequate knowledge of the client's 
applications and processes, and might 
be asked to provide maintenance of 
information systems. Subsequently the 
supplier may help the client to formulate 
objectives by operating also as a designer 
and developer of applications. By this stage, 
the supplier is providing a complete 
outsourcing service. 
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External EDP in Practice 


A common belief is that a company moving 
to outsourcing must surrender management 
of a good part of itself, but nothing could 
be further from the truth. The desire to 
free oneself of a series of problems leads 
some companies to relinquish control 

only to regret it later. It is true 

that suppliers can provide the services 
requested of them more mipidly, and with 

a better objective quality and at a lower 
cost. However, if the client does not keep 
an adequate level of planning and control, 
then in the long run the services provided 
will tend to lose contact with the actual 
situation in the client’s business. The client 
thus cannot, and must not, relinquish 
understanding of the way in which the 
services brought in add value to its line 

of business. 

Xo supplier will encourage the client 

to lose interest in the operitions being 
outsourced. On the contrary, the supplier 
will ask for a definition of prepared, 
unambiguous interviews with the 
appropriate powers of decision. Facil 
management, and outsourcing even 
more so, involves a complex structure of 














ies 








services, resources and professionalism, the 
composition and equilibrium of which must 
be known and accepted by the client. The 
ideal client is the one who knows whether 
he is satisfied or not, knows why, and who 
works to create and maintain the reciprocal 
indepth knowledge that is the basis of an 





of outsourcing is a 
one-way, no return journey. Anybody 
ridding itself of its own in-house computing 
centre in favour of a facilities management 
solution would meet considerable difficulty 
if, later, it wanted to return to in-house 
processing, which would have to start 
from scratch again. Outsourcing is generally 
defined in the perspective of medium or 
long term relationships, as these allow both 
Parties to benefit from the accord more 
acilities management contracts can 
be short term in most instances, and this 
a good way of dealing with tran: 
situation: 
A typical (generally short term) transition 
is that of ‘operating systems migrations; 
that changeover from one system to 
another. For this event, the availability of 
an alternative computing service is ideal for 
managing the period of overlap between 
the two environments. A transitional 
solution is also desirable in the processes 
























with an internal EDP operation ba 
a mnainiame: computer may recognise that 


ing’). The problem is that the 
costs of the in-house mainframe resources 
do not reduce by a similar proportion, and 
the term ‘downsizing’ is then used to 
indicate the radical decision to replace a 
large mainframe based environment with 
one or more environments of a smaller 
technological scale (PCs, for example). 
For the client organisation, which has to 
convert from mainframe technology to 
minicomputer technology, the facilities 
management approach offers important 
benefits in the most critical migration 
phase. 

There are two potential uses of facilities 
management here. First, the migration and 
conversion of applications from one 
technological platform to another are not 
immediate. The client might haye two. 
environments needing to be managed for 
a significant period of time. as the old one 
cannot be abandoned without first having 
started up and sufficiently stabilised the 
new one. The second aspect is that the 
mainframe environment might not be totally 
cancelled (because of the high costs of 
database conversion, for example) and so 
the mainframe would need to be retained, 
largely under-utilised but nonetheless still 
necessary. 


Summary So Far 

Outsourcing and facilities management 
provide a flexible set of responses to 
organisations that need to run mainframes, 
but do not want the headaches of a full 
function, in-house EDP operition. Put 
simply, outsourcing and facilities 
management provides customers with 
mainframes where necessary, for as long 
as is necessary, and with costs proportional 
to their use. 
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The Advantages 
of Outsourcing 


‘Today, many corporations are undergoing 
restructuring and are subject to. 
phenomenal regulatory changes, which 
alters the ground rules of their operations 
almost daily. They are entering an ert 
of global competition, which offers not 
only enormous opportunities but also 
considerable dangers. Organisations also. 
face tremendous technological changes. 
Simultaneously, the stritegic value of 
information has never before been held in 
such high regard. The task now is to gather 
that information, give it to the people who 
need it and provide it promptly in an 
understandable format. 

Such factors are driving organisations 
toward a more federated structure. They 
want to concentrate on what they are good 














at - their core businesses, and leave the rest 


to someone else. Catering requirements 
cin be farmed out to other organisations, 
Vehicle fleet maintenance is another 
example. 

Companies have different perceptions 
of where peripheral business ends and core 
business begins. Some companies outsource 
parts of their openitions that outsiders 
might think are core. For example, the 
Ford Motor Co, in the US decided it no. 
longer wanted to build engines, so it has 
contracted Japan's Mazda to build them. 

In the beginning, most large 
organisations’ first experience of 
Information Technology (IT) was as an 
outsourced resource in the form of large 
computer bureaus that managed their 
payrolls. The computer was seen 
service, not as another item of offic 
equipment to learn how to use and manage. 
Then came the in-house bureau, the 
mainfrume. It was soon followed by the 
minicomputer and then, in the 1980s, by 
the microcomputer. As the processing units 
got smaller and more distributed around an 
organisation, the communications links 
between units became more important. 

That meant the growth of the private 
network. 

‘The tend now is to look again at If asa 
set of services. The main difference is that, | 
with the advent of distributed computing, | 
the communications network is today’s | 
computing facility. Many factors deter us 
from running their own private networks. 
For one, doing so has become very 
expensive. It has also become at complex 
task. so quulity levels can be unpredictable. 
But in many cases users were forced to 
build their own networks in the first place. 
because nobody else would do the job for 
them. However, outsourcing network 
management needs can save users’ money, 
offer greater operational flexibi 
allow the deferral of substantial capital 
investments. 

Outsourcing is a term that has come to 
mean ‘the contracting out by a customer 
to a third party of the management 
responsibility, and sometimes the 
ownership, of the IT infrastructure? 

This includes installation activities, day to 
day management, resources, budget and 
personnel. The majority of revenues earned 
by outsourcing vendors comes from dati 
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centre operations. Outsourcing services 
cin take a variety of forms depending upon 
who owns the hardware assets and where 
the processing is done. If the vendor 

owns both the hardware assets and the 
application software. then the services are 
classified as transaction processing, rather 
than facilities management or outsourcing. 

‘The originally outsourced IT service 
is probably applications development, 
with progrimming bureaux hiring out 
led programmers on a time basis 
(Cbodyshopping’). The outsourcing of 
selected operations, like payroll processing, 
moved the market further along. However 
it was probably the case of IBM securing 
the facilities management contract for all 
of Kodak's data processing in the US that 
defined the latest wave in the outsourcing 
market. 

‘Today, outsourcing contracts usually 
include other professional services such 
as ‘help desk and education and training. 
Increasingly, customers and vendors 
have recognised the value of including 
busines tenance in with the 
of the IT provider. The 
market today includes a variety of contract 
arrangements in scope, durstion, IT 
environments, relationships sought and 
(most importantly) the benefits sought. 


Making a Deal 

Successful outsourcing, such as with IT, 
has to do with shared interests and returns, 
When Ford decided to farm out its engine 
production to Mazda, for instance, it took 

































The us 


buy a private network from at use 
would get immediate revenues and take 
assets off their books. The outsourcin; 








company would manage the user's network. 
Building a relationship between an 
outsourcing Company and a user is a 
complex task. After all, the user is 
over the running of part of 











ding 
business to 








| an outsider It can take up to two years to. 

negotiate a managed network outsourcing 
deal. Even then. most users would not 
hand over the complete running of their 
networks all at once. The first phase of 
outsourcing usually involves a three to five 
commitment to manage the extension 
of an existing network. But this is the 
beginning of a relationship that will 
probably last 20 years or more. Selecting a 
network outsourcing partner is a decision 
that a user is unlikely to make more than 
once every couple of decades. 

An outsourcer has to convince users of 
its experience in managing communications 
| networks, its financial stability and its 
commitment to the network management 
business. Users also need assurance that the 
outsourced resource can be operated to 
satisfy their needs, 

Another user requirement is that the 
outsourcer understands the user's business 
and its applications, What is more important 
is that users will want to know that the 
perforniance criteria agreed are based on 
results laid out in the user's terms, not in 
system jargon. Setting up a Service Level 
Agreement (SLA) is therefore the 
key to this process. SLAs will reflect the 
different priorities of organisations. A soft 
drinks company may be particularly keen to 
ensure that its network performs at its best 
when the sun shines. A bank will probably 
want to see its automatic teller machines 
given the best network support during 
lunch breaks and in the evenings. In 
particular SLAs should cover delivery, 
performance and fault prioritisation. They 
should also cover the hand over procedures 
between the private and the managed 
network. 

Although each company’s reason for 
outsourcing is different, there are some 
motivations that recur, and these fill into 
the three categories of financial, 
technological and human resources. 

An example of the financial motivation is 
the desire to cut costs. A typical UK-based, 
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Figure 3. Cost advantage of outsourcing. 





300 site private network, which would cost 
£5 million to run over five years as an in- 
house system, could cost £3-5 million as an 
externally managed network (see Figure 3), 
Equally important financial motivations may 
be the desire to have fixed and predictable 
costs for budget planning, and the desire to 
benefit from the boost to the balance sheet 
derived from an outsourcing package. This 
includes the purchase of assets such as an 
existing private network. 

A technological motivation could range 
from the ability to benefit from new 
technology (or to avoid obsolescence), 
achieving a more integrated level of 
network management. 

A human resource benefit could be the 
better use of skilled and scarce staff to meet 
internal users’ IT needs, Improved project 
management is another possible motivation. 

Outsourcing allows organisations to 
respond more flexibly and mipidly to 
change. A business acquisition, a new 
application or a new geographical area to 
cover, can all require rapid expansion of the 
network. These scenarios may be difficult 
for an in-house operator to respond to. On 
the other hand, managing the contraction of 
a private network can also be a difficult 
task. 














Market Participants 
‘The players in the outsourcing and fi 
aanaigement market are many, and range 
from single customer shops to 

n pound corporations and 










partne: 
particular * s. 

financial services, Others concentrate on 
particular platforms such as IBM mainframe 
computers. Still others are genera 
operating in multiple industri 













BT, EDS, AT & T Istel, Perot Systems, Digital, 


Market 

Outsourcing is probably the most discussed 
IT issue among the business management 
community. Several factors contribute to 
this interest: 

* Value of management time: In the 
current climate of economic difficulty and 
competitive pressures, organisations are 
sensitive to the necessity to concentrate on. 
their core business. The skills required to 
manage the TT infrastructure will usually 
come from the management team and will 
take up significant portions of the collective 
management team’s time, time that could be 
better spent on honing the business to 

meet increasing competition, Le., the much 
talked-about return to core business. 

* Resource supplement: The rate of 
change of IT, coupled with the multitude 

of products and applications, has made it 
virtually impossible for individual MIS 
departments to maintain a sufficient level of 
expertise. Today, there is an industry-wide 
shortage of information systems experts. 
Due to greater career opportunities, it is 
easier for a facilities management company 
to attract and retain top information systems 
personnel. Facilities management firms can 
offer employees a dedication to state of the 
art systems along with the challenge and 


























IBM, Sema Group, Infonet, Unisource, 
Sprint and MCI. 


Market Size 
The scope of outsourcing contracts causes 
some difficulty in defining the market size 
and projecting forecasts. One researcher, 
Dataquest, looks at this market and includes 
only the revenues earned from systems 
operations and management services 
themselves. It deals with other activities 
such as maintenance services and help 

desk facilities separately: Dataquest estimates 
that the worldwide market for facilities 
munagement was $9-25 billion in 1991, and 
with a market forecast compound annual | 
growth rite of 18-9%, this market is 
expected to reach $21-97 billion by 1996, 
The company estimates that the European 
market for facilities management was $899 
million in 1991 and will grow at 18-4% per 
annum to $2 billion in 1996. In the UK, the 
market is estimated to have been $265 
million in 1991. Notwithstanding the 
potential for central government IT 
outsourcing, this market is expected to 
grow to $558 million by 1996. 


The Spread 
of Outsourcing 


Specialist market researcher Yankee Group 
Europe estimates that the combined 
network management and integration 
markets were worth some $1-45 billion 
worldwide in 1989-90, By 1994-1995, 
various groups predict the figure will grow 
threefold to somewhere between $4-14 and 
ure coming — | 
from network management alone was some | 
20% in 1989-90. In 1994 to 1995, Yankee 
Group predicts that share will be around 
33%. 

Europe represents about one third of the 
global outsourcing market. North America 





















diversity of various customer sites. 
Furthermore, the MIS professional at a 
facilities management vendor does not face 
a dead-end career path as do many 
colleagues working at customer sites. 

> Business ratios: The trend towards 
using facilities management contracts 

as a means for transforming fixed data 
processing assets into yariable assets is 
acceleniting. Troubled companies 

in need of a cash infusion see facilities 
miinagement as an opportunity to reinvest 
their resources for a greater return. Those 
not in so much financial trouble view 
facilities management as making good 
business sense. They prefer to treat 
information systems as a utility, much like 
the telephone and electricity resources, and 
redeploy their assets into their core 
businesses. 

Increased choice: Like any other 
market with an appearance of new 
participants, customers ultimately 

benefit from a greater choice of options for || 
outsourcing armingements. The range of 
options shown in Figure 2b is only a 
summary of what is currently available. As 
competition increases and the market 
matures, the choices for users will be even 
greater. 




















has half and Japan holds the balance. The 
UK represents about half of the European 
business. The bulk of the rest is in France, 
Italy, Germany and the Netherlands. 

There are also considerable regional and 
national differences in the size of 
internationally managed networks. The 
avenige size of networks in the US is about 
four times that of Japan and twice that of 
Europe. The prediction for market growth 
however is the other way around. The 
outsourcing market in Japan is expected 
to double every year with Europe growing 
at 50% and the US at 30% a year 

‘The main determinant of the size of a 
's internationally managed network 
outsourcing market is the presence of major 
multinational organisations, The regulatory 
situation in a given country also plays a 
role, not because of the restrictions on 
network dutsourcers (which are generally 
disappearing), but because of the dynamism 
encountered in a more liberal environment. 
Outsourcers, nevertheless, play an active 
role in regulation. They help to shape a 
regulatory environment in which users have 
what they would like to have rather than 
what they must have. 

Outsourcers operite in most countrie 
Value Added Networks (VANs). Therefore 
4 regulatory priority of most outsourcers is 
to expand the definition of a VAN. In many 
countries VANS are restricted to carrying 
only, but this situation is quickly 
ging. The issue of incidental v 
likely to bring the next significant change. 
Already regulators in many countries ha 
it is impossible to run 
sophisticated data networks without voice 
communications. Many operitors (such 
of Posts and 
Telecommunications) are now allowing 
small amounts of voice to be carried over 
data networks. The question is then at 
what level is incidental voice no longer 
‘incidental’? Campaigning for regulatory 
change is a continual process of testing 
what regulators will allow. Outsourcers 
often derive new schemes of whaf they 
think should be allowed, and then work 
with their users to persuade regulators to 
allow them to do it. 

Some outsourcing suppliers are expected 
to fall by the wayside leaving a few to 
dominate the market by the year 2000. The 
ones that survive will be those that have the 
ability and resources to provide the level 
of support fequired by users. Outsourcing, 
strategic partnership in 
fs can concentrate on what they 
are good at - their core business - while 
network suppliers manage users’ networks 
for them. 

TT. which was once seen as strategic 
and providing a competitive edge, is now 
increasingly viewed as a utility. It is the 
application of IT that is becoming a more 
critical issue. With the increasing number 
of specialist companies forming credible 
suppliers to whom IT can be outsourced, 
customers have a greater choice in the 
types of contractual relationship they may 
enter into. The trend to outsource in the 
UK has been firm enough to be 
unstoppable; the point of interest for the 
future will be what new frontiers are forged 
in outsourcing innovations. 


Maplin Magazine June 1904 











as 








































by Bryan Hart 


Bouncing With 
Energy 


Ny Part One we considered the electrical 
properties of a uniform lossless two- 
conductor transmission line. In this 
article we look at the mechanism of pulse 
transmission and see how it may 
shown pictorially, discuss the condition for 
undistorted pulse transmission and consider 
what happens when that condition is not 
met. 


Pulse Transmission 

In Figure 8 a line is ‘terminated’ at x = é by a 
resistor Ry. A step-pulse generator at x = 0 is 
modell a switch Sw, source resistor Rs 


and battery E. Sw is assumed ‘ideal’, This 
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PART TWO 


means it has zero resistance between its 
contacts when ‘on’, infinite resistance when 
‘off, and switches from one state to the other 
in zero time. 
Initially Sw is in 
along 
switched fo position ‘2’. As shown in Figure 
la), the line appears to be a single resistor, 


sition ‘1’ and v= 0 
line, At t= 0, Sw is 


Ro, as far as this signal change is concerned: | 


reason for this was discussed in Part 
One. Consequently, the equivalent circuit for 
calculating v(0), the input voltage at t = 0, is 
shown inPaie 9b). This is a potential 
divider circuit, so the switch change-over 
action causes a voltage st 


v1, to be launched ficeg ray pak 

















Figure 9{a). At t = 0 the line appears as a resistor Ro; (b). Equivalent circuit for calculating vi(0)- 
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Figure 10. Resulting input waveform for 
Figure 9. 


Rr does not figure in this expression 
because the step-pulse generator can 
no information (‘news’) about it yet. Figure 
10 is a plot of vy versus t. 

The progress of the step (hereon used to 
describe a hast-edged voltage transition) 
on the line can be depicted in several ways. 
Figure 11(a) shows v versus tat a given x 
(62), whereas Figure 11(}) gives v versus x 
‘at a given t (=f). 





Figure 1 eh line ar versus time at a 


given x(=x’ 


Figure 11(b). Line 
versus a given H=t), 


ince at a given 


More informative is the ‘latfice diagram’, 
or ‘reflection chart’, an initial part of which 
is shown in Figure 12. On this, x increases, 
horizontally, from left to right and t, vercaly 
deviate The polarity and magnitude 
the step are shown near an ai ead on 
the line OP which describes the forward 
motion of the step for ty > t > 0. The line 
voltage is thus +v, on OP and also in the 
hatched region below it, as indicated by 
the Pyial a bos alae et ‘ 

Figure 12 can asa 
view ofthe fhree-cimensional plot of the 
variables v, x, t. An isometric view is given 
in Figure 13. A cross-section resulting 
solid, on a plane at x = x’ produces Figure 
Ul cereal Loe 
Figure I igure 12, sui 
ite |, contains all the information of 
Figure 13; we will use the more-easily-drawn 
lattice plot. 
In ihe special case Rt = Ro, the line is said 
to be ‘matched’ or ‘correcily-terminated’ at 
x=. Electrically, there is no discontinuity at 
x= the line appears, as infinitely long to 
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tatwneinenenee, 














Figure 13, Three dimensional plot related 
to Figure 12, 











Figure 14, Lattice plot for Figure 8, for 
RyeRo, Ms 2 


the source. Physically, energy is dissipated in 
Ry at the same rate y it is supplied to the line 
atx = prac is a one-way transfer of 


a 
vi is a replica of vi can interval | 
tyso Figure Olb) is veld for all values of f. 


diagonal OP of Figure 14 comprises th: 
compl ice plot. The hcg ew ae 
Fi ji i is 
omited here, and fom now on, for ease of 
drawing. 


Reflections 

For the | case Rr # Ro, the line i 
incortedy terminoied af x =. There iso 
difference between the rate at which energy 
reaches R; from the source and the rate at 





which it is dissipated in the resistor. | 
A balance is now established by the 
46 





phenomenon of feo! which males 0 
iwor I. 3, a Volta i 
Telacied back Yom Rs foveal he cocig 
end. This may differ in polarity from the 
incident step and differs in amplitude, except 
in two special cases, but travels with the 


same velocity, u. 
This a: of signal transmission along 
aline is ove! |, and can cause all 


sorts of unexpected problems, especially in 
critical situations where for example RF 
counters or digital data inputs are fed via 
coaxial cables, and the terminal impedance 
is mae ed iio are also a 
common physical occurrence in engineering 
science, e.g., when light strikes a parfially- 
silvered nee surface. They arise Gheneier 
there is a discontinuity in the nature of the 
transmission path, and are the basis of many 

of echo-sounding equipment design. 
er from radar, examples include 
ultrasonic detectors for the location of flaws 
within the body of a metal, and for the 
location of shoals of fish in the sea. 

Designating the reflected step vz, we 

define a voltage reflection coefficient p (the 
Greek alphabet symbol rho, corresponding 
to the letter r), Adding a subscript + to refer 
fo Rr, analysis reveals: 


{a-1) 
Pe teal) 


in which = BL 










































































































































































Figure 15. Reflection coefficient, pr, as a 
function of ‘a’, 


A sketch of pr versus a is given in Figure 15. 
itis seckoe Of Kyparbela, Akos 1, the 
slope of the curve is 0-5, so.a 10% mismatch 
Rrand Ro, due to tolerances, 
produces a step with an amplitude 
only 5% of that of the incident step. As 
¥ Lie Fee sone the line i adds, 
algebraically, to the vol already existit 
orl line itreoehee Ore 
4 further reflection if Rc = Ro. In this case the 
reflected step, va is related to v2 by: 


=e _ {bon 

Poe (bel) 
= Fs 
where b = Re 








| jure 16. General lattice plot for Rr + Ro, 
a ij 


Figure 16. The ‘final’ valves of yj and vr only 
oe theoretically, after an infinite time. 


ERr 
Vilel= Mrle= TR Ra 
This is the potential difference that applies 

a line of zero length. 

The path of @ ballon a biliard table 
provides a graphic analogy for a lattice 

lot. Struck by a.cue, in a diagonal direction 
| em thaticidy ofc corner Belen inelbel 
bounces off the opposite cushion and 
continues to bounce off opposite cushions 
in its zig-zag journey. 

The usual problem is to determine vj and 
vas a function of time. This information can 
be obtained from a suitably marked-uj 
lattice plot. The following three Sap 

lich are relevant to commonly occurring 
practical situations, illustrate this, All three 
cases use the set up of Figure 8, with Ro = 
| 502 and ts = 17-5ns, 


Example 1, Parallel match at x = @. 
E = 2V; Rr=Ro = 500; Re = 502 





| Therefore v; = 1V; py = 0. 


The latice plot is Figure 14. Referring fo 
the billiard ball analogy, the ball drops into 
a centre pocket on the opposite side of the 
table after being struck. Ideal wavel 
are shown in Figure 17. The experimentally 
observed were me [Figure He) differ in 
two respects. Firstly, vr has a finite rise time 
which is the same as that of the pul 
generator. ly, there is a small ‘blip’ 
on the waveform for vi, whose origin is 


| discussed later. 





howe 15 copies iFpc and b are substituted | 


prand a. lections 
continue, as shown in the lattice sketch of 





Figure 17. vy, vr for Example 1 of text. 
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Figure 18. Observed waveforms for exemple, 1. Upper oe My 
per major division, 


lower trace vr. Common vertical scale: 0:5' 


Figure 18. 


Common horizontal scale: 25ns per major division. 


Example 2. Series-matching at x = 0 

E = 2V; Re = Ro = 509; » (i.e, open 
circuit) 

Therefore vy = 1V; pr=+1; po = 0. 





























Figure 19. Lattice plot for Example 2. 


The lattice plot is Figure 19. Figure 20 
shows vi, vz. In the billiard ball analogy the 
ball now falls into a pocket on the same side 
of the table as it was struck, after bouncing 
once off the opposite cushion. Note, in 
passing, that there was also series matching 
atx =0 in Example 1. However, that was 
incidental and had no effect on waveform 
shape, only waveform amplitude. 





t(ns 
0:3 na) 


2v 
SU os 
17.5 











Example 3. Incorrect termination at x = 0, x =¢ 


E=1N; Rc = 259; Rr=00 
ierefore vi = “Ys; pr = +1; ps=—/s 


Figure 21 is the lattice plot. Ideal 
wavelorms are shown in Figure 22 and, 
for comparison, experimental waveforms 
in Figure 23. itederce ‘overshoots and 
undershoots in vr produce an effect that is 



































Figure 21. Lattice plot for Example 2. 





Figure 23. Observed waveforms for Example 3, Scales as in 


similar to the ‘ringing’ that can be obtained 
when a voltage step is tries toa series 
circuit comprising an inductor, a resistor and 
capacitor, 


Blips 

Lead inductance and shunt capacitance are 
parasitic elements that cannot be avoi 
where fixed resistors dre used to terminate 
aline. These elements can give rise to 
unwanted spikes or ‘blips’ on the waveforms, 
The mechanism responsible for producing 
these is as follows) RES fo Figure 8, 

Ro = Ro but Ril=Ro) is effectively shun 

by a small capacitance, and the input 
capacitance of the oscilloscope pr 

used to observe vr. When a perfect step is 
applied to the line this causes the termination 
to appear, momentarily, as a short circuit, so 
a negative spike is rel tox=0, 
where it is absorbed (see Figure 24(a)). for 
an input ‘edge’ having an finite rise time, the 
spike amplitude is diminished as indicated in 
Figure 24(b). 


V; 
oo (@) 
a Blip’ 


























Figure 20. vi, vr derived from Figure 19. 
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Figure 22. v,, vr derived from Figure 21. 


Figure 24(a), Blip for amplitude is /2 
for perfect step input; (b). Blip amplitude 
diminishes for a finite rise time input. 


Ifthe leads of Rr are long and the 
oscilloscope probe is removed, lead 
inductance dominates and gives rise to a blip 
of opposite polarity to that in Figure 24{b). 
In high-speed pulse work (e.g., nuclear pulse 
instrumentation), where the preservation 
of pulse shape is important, blips are 
minimized by the use of specially 
manufactured terminating resistors. 

Part Three of this series concludes by 
discussing some system implications of 
fransmission line interconnections. 
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RAwsiad PACKET MODEM 
Please nate the [RAMSEY] 


case shown is not ' Low HIGH 
included in the kit and SS 


must be purchased separately. 


FEATURES 


Easy to use 
1200 Baud operation 





Packet Radio is fast becoming | __ There are two types of MODEM 
one of the more popular of | ICs available for use in packet 


the ‘Data’ type modes that radio, and the one selected for this 
“ a particular type of circuit is the Texas 
are available for the ee Instruments TCM3105. Although 
amateur en Hanbi » and I this device was originally designed 
enables two hobbies to be for telephone MODEM use, the 


enjoyed together, namely frequencies are compatible with the 













RS232 compatible 


Powered from 
computer 





different types of computers the 


that of amateur radio and 

computing. Most radio 
amateurs and enthusiasts 
have today at least one 
computer in the home. 
Although there are numerous 


packet radio tones used at 1200 
baud on the VHF and UHF bands. 
The Packet Radio MODEM 
presented here is ideally suited 
for the enthusiast starting off and 
wanting to learn more about packet 
radio, and the radio amateur already 
using an expensive terminal node 





IBM PC/AT is mainly covered here, 
although others such as the Atari ST 

and Commodore 64 computers can 

operate with this type of packet MODEM History 

with suitable software. Please note that There are a several communication 

Maplin currently supplies software for the modes available for the radio 

IBM PC/AT only. amateur, and each has their own 

distinctive characteristics. One of 

the original machine-sent modes 
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controller (TNC), who might like to 
monitor another packet frequency. 


























Computer 





Phato 1. The assembled Packet Radio MODEM PCB. 
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other stations, even right round the 
world. Also by getting long distance 
(DX) station information from DX 
Clusters, and generally sending files 
from one computer to another. 
Originally, the main line route to 
packet radio was through a packet 
radio controller unit called a terminal 
node controlfer (TNC). Such units 
were developed in Tucson, Arizona 
and known as the TAPR TNC. They 
have a microprocessor built in, such 
as a 6809 or Z80, and an EPROM 
that contains the program to 
control operation of the TNC; the 
computer in this case acts as a 
‘dumb terminal’. 

The other method, developed by 
Digicom for the Commodore C64, 
used a MODEM IC to encode/decode 
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Figure 1. Black diagram of Packet Radio MODEM. 


was Radio Teletype (RTTY for short) 
and a few years ago messages were 
sent on the air using teleprinters 
and terminal units. These were 
connected to the transmitter/ 
receiver via a MODEM and contacts 
were made on the various bands. 
RTTY is still used today but 
unfortunately less and less so. 

As radio electronics became more 
sophisticated so the old teleprinters 
were changed for electronic 
terminals and then fully-fledged 
computers. With the limitations of 
the codes used for RTTY and the 
speed at which data could be sent, 
new forms were developed. Just 
as TTY started on the telephone 
network and subsequently adapted 
for radio, so packet data in the 
form known as X.25 was used on 
networks, modified for amateur 
radio and designated AX.25. There 
are other forms of packet radio, 
adapted originally from computer 


dune 1924 Maplin Magazine 








Inverter 











networks such as TCP/IP and these 
can also be found on the VHF and 
UHF frequencies. 

There are a number of things that 
distinguish packet radio from other 
modes, not least that a large 
number of stations can use the 
same frequency and pass 
information to individual stations, 
either directly or via bulletin boards 
(BBS). Packet radio does not handle 
data in the same way as RTTY and 
newcomers might get confused 
when in contact with other stations 
— thinking that the link may have 
locked up, then all of a sudden 
unexpectedly receiving a mass of 
information. Packet radio is used 
on the high-frequency (HF) bands, 
where the speed is 300 baud, and 
on the VHF/UHF bands, where the 
speed is 1200 baud. There are 
major uses for packet, for instance 
by getting information off BBS and 
to send and receive messages via 









the correct tones and a computer 
program to replace the TNC and 
handle the AX.25 protocol. At this 
point the development split and in 
Germany a group of radio amateurs 
formed BayCom. In essence, 
BayCom used the same MODEM 
IC technology, designed MODEM 
hardware and wrote a program 
for the IBM PC/AT utilising the 
computer's serial port to interface 
with the MODEM — thus emulating 
the TNC and terminal. In America, 
fired by the Digicom system, 
amateurs there produced Poor 
Mans Packet, the hardware (which 
used the same MODEM IC) was 
designed for use with the IBM 
PC/AT, but interfaced through the 
parallel port instead of the serial 
port. 

Another mode for use with TNCs 
is known as ‘Kiss mode’. Interestingly 
enough it means that a TNC can be 
converted so that it can be directly 
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Figure 2. Circuit diagram. 


driven by some of the Packet 
MODEM programs, in conjunction 
with a linking program such as 
(TFPCR). This means, paradoxically, 
the TNC is behaving just as if it 
were only a packet MODEM! So 

it is impossible to tell, for instance, 
whether someone is using a TNC 
such as the TINY-2 Mk1 or an MFJ 
1278 in ‘Kiss mode’ using TFPCR 
and Eskay Packet SP (often referred 
to as Sigi’s Packet or just SP); or 
a Packet MODEM using TFPCX and 
SP — even the screens on their 
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respective computers would be the 
same. Some of the other programs 
such as Graphic Packet also have 
the ability, to control a TNC or 
Packet MODEM. 


Circuit Description 
Referring to Figure 1, which shows 
the block diagram for the Packet 
MODEM, and Figure 2, the circuit 
diagram, circuit operation is as 
follows:— 

As the power requirements for | 
the unit are not particularly great, | 


the supply is obtained from the 
RS232 port on the host computer. 
There are three diodes, D2, DB and 
D7 and these are connected to 
various active RS232 lines, and 
these steer the positive going . 
signals to the reservoir capacitar, 
C11, and a +5V DC regulator 
(7805), VA1. This ‘phantom’ supply 
can be supplemented by connecting 
an external supply of +12V DC on 
pin 5 (+12V) and pin 2 (OV) of the 
DIN socket J2. In practice it has 
been found that most computer 
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RS232 lines are adequate to supply 
the required voltage. However, if 
problems are experienced try using 
an external supply. 

On reception of suitable packet 
signals from a frequency modulated 
(FM) receiver or transceiver 
(VHF/2m or UHF/7Ocm), audio from 
the loudspeaker output is fed into 
the Packet MODEM on pins 4 
(received audio) and 2 (OV) of the 
5-pin DIN socket, J2. This passes 
via a RC network to pin 4 of U2 
the TMC3105, the signal is then 
converted to a suitable digital data 
signal by the IC. This data-signal is 
inverted and buffered by U1:B, and 
U1:C, a 74HCO4 Hex Inverter, The 
output from U1:B drives two light 
emitting diodes (LEDs), D3 and D5, 
via current limiting resistors, R13 
and R14. D3 is connected to +5V 
DC and D4 is connected to the OV 
rail. These indicate the logic levels 
of data signal, represented by the 
tones of the incoming audio signal, 
as they are received and should 
flash alternately, These LEDs give 
an indication whether the unit is 
working or not — if there are no 
signals being received, only one LED 
will be illuminated. The output from 
U1:C is fed to the computer on pin 
8 of the 9-way D-type RS232 port 
connector J1 

On transmission, the RS232 level 
data signal (=12V) is brought into 
the Packet MODEM aon pin 4 of 
the 9-way D-type RS232 port 
connector J1. The data signals are 
converted to TTL level (-+5V/OV) 
by U1:A and are introduced to U2 
TCM3105 on pin 15. U2 has been 
set up to convert the data to BELL 
202 tones, (1200Hz and 2200Hz). 
The precise clock frequency required 
by the TCM3105 is supplied by Y1, 
a 4-4336MHz crystal. The audio 
tones, corresponding to the logic 
levels of the data signal, are then 
brought out via C4 and R6 and to 
a 10k preset potentiometer. This 
preset allows the correct signal 
level for the micraphone input of 
the transceiver to be set. The audio 
signal is output on pin 1 of the 5-pin 
DIN socket, J2. The keying (PTT) 
signal from the computer, which 
is introduced on pin 7 of J1 on the 
9-pin D-type connector passes to 
U1:D which converts the keying 
signal to TTL level. The output from 
U1:D is connected to a monostable 
comprising R2, C2, R3 and U1:E. 
The purpose of the monostable is 
to prevent the transceiver being 
permanently switched to ‘transmit’ 
should the computer ‘crash’. The 
output from U1: controls Q1, a 
2N3904 NPN transistor. The 
collector of Q1 is used to operate 
the PTT line of the transceiver and is 
connected to pin 3 of the 5-pin DIN 


June 1994 Maplin Magazine 








RAMSEY ELECTRONICS 
IBM PC PACKET MODEM 





@7 A3Y WEl-d 
SOINOYLOATS AISAVY 











Copyright 1984, Romsey Electronics, Inc., All Rights Reserved, Used by Permission. 





Figure 3. PCB legend and track. 





socket J2. When transistor Q1 is 
biased on, the collector drops to 
earth potential, which effectively 
shorts the PTT line and the 
transceiver is switched to transmit 
(keyed). 


Hints and Tips 

There are several suggestions worth 
noting. Using IC sockets is generally 
good practice but not essential. 
Sockets are not provided in the kit, 
and if they are to be used, one 14- 
pin DIL IC socket and one 16-pin DIL 
IC socket are required — see 
Optional Parts List. It is possible 
that some transceivers may ‘key 
up’ when connected to the Packet 
MODEM, this will be due to RS 
(4k7) keeping the PTT line enabled. 
In such cases R5 can be omitted. 


Construction 

There are two possible ways of 
constructing the Packet MODEM. 
The usual method is to construct it 
so that it can be used on the serial 
RS232 port as described, but it is 
possible to modify the connections 
for parallel port operation. For this 
mode of operation another program 
would have to be used, such as 
‘Poor Mans Packet’ (PMP). This 
program is not supplied in the kit, 
neither is it available from Maplin, 
but details may be obtained from 
the address given at the end of this 
article. 

The kit includes the PCB, the 
legend and track are shown in Figure 
3, and all the components required 
to build the unit, excluding the case 
which is available separately. It is a 
good idea to sort out and identify 
the components before soldering 
them in place. This way one gets 
to know the values and check to see 
if any are missing. There are very 
good instructions supplied with the 
kit, showing a logical path to follow. 

If you are new to project building, 
refer to the Constructors’ Guide 
(order separately as XH79L) for 
helpful practical advice on how to 
solder, component identification and 
the like. 

It is best to start by fitting and 
soldering the larger components 
first, such as the sackets. Note 
that this is contrary to our normal 
recommendation and is based on 
Ramsey's recommended assembly 
sequence and check list. Photo 1, 
shows the assembled PCB. Start 
by fitting the connectors J1 and 
J2. Next fit the crystal, which should 
be soldered in position as indicated. 
Identify the ICs and solder them 
in position, or if sockets are being 
used, solder these in place instead, 
making sure that the notch at the 
top is correctly orientated on the 
board. Fit the regulator taking care 
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Figure 4. Some examples of connections to common transceivers. 


that it is correctly positioned on the 
PCB. Next fit the transistor again 
correctly orientating it on the 
board. Identify and fit the 
capacitors, the electrolytic types 
are polarised and these should 
also be correctly orientated on 
the board, refer to the legend. 
Next, fit the preset potentiometer 
making sure that all three leads 
are soldered. Fit the resistors, 
preshaping the leads before fitting 
and soldering them in place. The 
light emitting diodes (LEDs) should 
stand off the PCB and angled 
forward. Identify the diodes and 

fit these on the board making sure 
that they are orientated correctly. 





| 


Finally, with wire offcuts, shape 
and solder in the jumpers (omitted 
for parallel port operation), the 
positions of which are identified 

on the PCB legend. 

The completed board should 
be checked; ensure that the 
components have been fitted 
correctly, and that there are no 
solder bridges or untrimmed wires 
standing proud of the PCB. 

To finish off, there is a pre-drilled 
case available for the kit (CP37S), 
which includes feet and fixing 
screws. It is quite easy to fit the 
PCB into the case (see Photo 2) as 
there is no measuring filing or drilling 
to do! There are also a number of 
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Figure Sa. RS232 S.way to S-way cable and connections. 


boxes available from Maplin that 
would make a suitable enclosure, 
although some drilling would be 
required. 


not seem to be. Generally most 
9-way extension cables are intended 
for CGA video applications and some 
important pins required by the 
Packet MODEM are not connected. 
In many cases a lead will have 

to be made up, the connections 

are ‘straight through’ and not 
‘reversed’. For a 9-way to 9-way 
cable, simply link pins with the 


Connecting Leads 
The leads required for the Packet 
MODEM are a patch lead to 
connect the MODEM to the 
transceiver and an RS232 serial 








For a 9-way to 25-way cable the 
corresponding pins should be linked, 
see Figure 5b. Only pins marked 
with an asterisk are used by 

the Packet MODEM. Suggested 
components have been included 

in the Optional Parts List. 


Setting Up 

Setting up the Packet MODEM 

is fairly straightforward and can 
be achieved without any test 
equipment. The only adjustment 
that needs to be made is setting 
the audio output level (microphone 
input level) by adjusting preset RY. 
Generally, start with RQ at its mid- 
travel position. The final setting is 
a matter of trial and error — the 
correct setting is the lowest one 
that achieves the best connection 
with the least number of broken 
connections or errors. 

There is a multitude of possible 
programs to run the Packet 
MODEM, and it is essential to 
follow the instructions in the Help 
or Readme files and from within 
the programs. A good entry level 
program is BayCom Version 1:2, 


cable. 

Ready-made patch leads are 
available for various transceivers 
and adopt the common 5-pin DIN 
connection that most Packet 
MODEMs and TNCs use. If a radio 
patch lead is not obtainable then 
a correctly terminated patch lead 
for your individual transceiver or 
receiver will have to be made up: 
Figure 4 gives some examples 
of the common types, and the 
Optional Parts List gives suggested 
components. 

The RS232 connector found on 
most IBM PC/ATs is normally one 
of two types, either 25-way or 
9-way D-type plug. Whereas 
25-way RS232 cables are readily 
available, S-way RS232 cables do 





same numbers, see Figure Sa. which is included in the kit. 


i 








Rear panel of the Packet Radio MODEM showing the S-way D-type and the 5-pin DIN connectors. 
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Figure 5b. RS232 S-way to 25-way cable and connections. 
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Photo 3. Shots of different software packages on screen: (top left} BayCom. ©Copyright 1992, Florian Radlerr, DLAMBT, All Rights Reserved. 
(top right) Eskay Packet SP. ©Copyright 1989-1994, S. Kluger, All Rights Reserved. (above left) Multi-User BayCom. ©Copyright 1994, J. Welch 
G74JF, All Rights Reserved. (above right ) Graphic Packet. CCopyright 1984, Ulf Saren DH1DAE, All Rights Reserved. 


Once everything has been set 
up with the leads connected, and 
the pragram running, set the 
transceiver or receiver to a suitable 
frequency. Packet information should 
become visible on the screen along 
with the LEDs flashing on the Packet 
MODEM ‘in tune’ with the data 


Other Software 

There are other programs that are 
available for use with the Packet 
MODEM and these can be obtained 
direct from the original authors, 
from shareware libraries, bulletin 
boards and Compact Disc Data 
Storage (CD-ROM). At time of 
writing compatible programs are 
BayCom 1-5a, Eskay Packet SP 
(Sigi's Packet), Multi-User BayCom 
(MUBAY), Graphic Packet, and 
G8BPQ Node. Examples of screen 
displays can be seen in Photo 3. 
There is also a program available 
for the parallel port version called 
Poor Man's Packet (PMP). Mast 
of these have been compressed 
using PKZIP and need to be 
‘unzipped’ before use. There is a 
version of Eskay Packet SP that will 
run on the Atari ST. For the 
Commodore C64 there is of course 


oa 


the Digicom software (complete 
with interface). 

It should be noted though that 
the cost of obtaining titles from 
one of these methods only covers 
the price of the disks. Under the 
terms of Shareware licensing if the 
programs are used on a regular 
basis then a registration fee/donation 
needs be sent to the original author 


unless the licence grants exemptions 
and the exemptions are satisfied. 
Details of licensing and registration 
fees will be found in the 
documentation supplied with the 
software. In return for registration, 
details of software upgrades, help, 
additional documentation, etc., may 
be provided; the nature and extent 
of such will depend on the supplier. 








Tha Packet Radio MODEM kit and software as supplied. 
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Additional Information 
There are packet radio groups and 
clubs in most areas, such as KEPAC 
and the Essex Packet Group. There 
is also the British Amateur Radio 
Teledata Group (BARTG) which 
caters for most electronic data 
modes including Packet Radio and 
produces a quarterly magazine 
DATACOM. For the general radio 
amateur or short wave listener, 
there is the Radio Society of Great 

. Britain (RSGB), which produces a 
monthly magazine RadCom. 


Further Reading 

There are many books which are 
generally aimed at radio amateur 
TNC users, but there is much 
general information far Packet Radio 
MODEM users. 


Packet Radio Primer by Dave Coombe 
GBUYZ, and Martyn Croft GBNZU. 


Newnes Amateur Radio Computing 
Handbook by Joe Pritchard 
G1UQW. (W117T). 


Amateur Radio Operating Manual 
by R. J. Eckersley G4FTJU. (WS13P). 


DATACOM Winter 1993 by British 
Amateur Radio Teledata Group 
(BARTG). 
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Direct Software 
Addresses 

The software packages mentioned in 
the article are available from the 
following suppliers: 

BayCom — R. Dussmann & Partner 
GBR, Abt. Technische Dienste, 
Bert-Brecht-Weg 28, 30890 
Barsinghausen, Germany. 

Tel: +49 5105 83183. 

Fax: +49 5105 83449. 

Eskay Packet SP — Fa. Siegmund F. 
Kluger, Richard-Strauss-Str 19, 
D-816677 Munchen, Germany. 
Tel: +49 89 45501080 
MultiUser BayCom — Jon Welch 
G7JJF, 50 Quarrydale Road, 
Sutton-in-Ashfield, Nottingham 
NG17 4DR. 

Graphic Packet — Ulf Saren, 
DH1DAE, Veit-Stoss-Str. 36, 
D-57076 Seigen, Germany. 

Poor Man's Packet — Andrew C. 
Payne, Route 3, Box 78-Q, Berkley 
Springs, WV 25411, USA. 




























PACKET RADIO MODEM PARTS LIST 

RESISTORS: All 5% Metal Film (Unless specified) J2 PCB Mount 5-pin DIN Socket 4 

R15,17 10002 2 Leaflet ‘| 

R13,14 4700 2 

R18 2k2 1 OPTIONAL (Not in Kit) 

RS 4K7 1 Case 1 (GP37S) 
R4,6,12 10k 3 14-pin DIL IC Socket 1 (BL18U) 
R816 15k 2 16-pin DIL IC Socket 41 (BL19V) 
R11 33k 1 5-pin DIN Plug 180° Type A 1 =(HH27A) 
R1,2.710 100k 4 4-core Individually 

R3 eM2 1 Screened Cable As Req. (XR23A) 
RS 10k Min Potentiometer 4 8-core Braided Screen Cable As Reg, (XS19V) 


Please note: 

Addresses and phone/fax numbers 
of suppliers listed are believed 
correct at time of writing. 

Maplin Electronics plc does not 
have any connections with the 
suppliers listed below and is 
therefore unable to answer any 
queries relating to their products. 

Maplin Electronics plc does not 
give or imply any warranty or 
endorsement to the software 
packages mentioned. 

Any money sent to the suppliers 
listed is at the sole risk of the 
sender. 
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Thanks are due to Waters and 
Stanton Electronics of Hockley for 
supplying the Packet Radio MODEM 
for review. Thanks are also due to the 
copyright holders of the software 
packages for granting permission for 
photographs of screen displays to be 
reproduced. 





7-pin Audio Plug (Yaesu) As Req. (FK27E) 
CAPACITORS: 8-pin Audio Plug (Alinco 
c6,9 33pF 2 Icom,Kenwood, Yaesu) As Reg. (FK29G) 
C1,3,5,8,10, 3-5mm Stereo Jack Plug As Req. (HFSBG) 
12,13,15,17 1nF 9 9-way D-type Plug ‘As Req. (RK60Q) 
C7 100nF 5 1 9-way D-type Socket ‘As Req. (RKB 1R) 
C2,4,14,16 10uF 35V Electralytic 4* 25-way D-type Socket As Req. (YQ49D) 
oi 220uF 25V Electrolytic 4 9-way D-type Metallised Hood As Req. (JBBBY) 
ie ROR ee 25-way D-type Metallised Hood As Req. (JBOBB) 

Constructors’ Guide 4 (XH79D, 
SEMICONDUCTORS 
Bs 2AB.7 aNGTaai Nnag14 s The Maplin ‘Get-You-Working’ Service is 
bas LED 5 available for this project, see Constructors’ 
ur 74HC04 4 Guide or current Maplin Catalogue for details. 
u2 TeM3105 4 The above items (excluding Optional) are available in 
RI 7805 4 kit form only. 

Order As CP36P (Packet Radio MODEM) Price £59.95 AO 
MISCELLANEOUS Order As CP37S (C-IBM Case) Price £14.95 AO 
PCB 4 Please Note: Some parts, which are specific to this 

YI 4-4336MHz Crystal 4 project (e.g., PCB), are not available separately. 
J PGB Mount S-way D Connector 


A readers forum for your views and comments. 
If you want to contribute, write to: 


What Does it All 
Mean? 
Dear Editor, 

As a subscriber to your magazine 
look forward to receiving my 
monthly copy, and upon receipt 
of the May issue | thought | would 
drop you a line to ask a question 
which, hopefully, Maplin expertise 
can answer! 

Following a working life in the 
communications industry | am 
now retired, and indeed fall into 
the ‘mauve band’ age group of 
your readership survey. | find the 
magazine extremely interesting 
although | have not as yet 
undertaken any projects, fora 
considerable number of them 
were my ‘bread and butter’ whilst 
working with technology albeit 
considered dated these days. 
Since retiring in 1990 | have 
become involved in certain 
charitable enterprises for which 

| purchased an IBM PS/1 (2011) 
computer, with which | am 
producing this letter. As you may 
be aware this machine has an 
80286 processor; whilst more 
than adequate for simple tasks, 
itis nevertheless slow for more 
complicated programs, as when 
our grandchildren want to play 
some of the more complicated 
games now on the market. To 
make matters worse my machine 
only has 1 meg of RAM! 

While the RAM can be easily 
upgraded to 2 meg or more, | 
cannot find a definitive answer 
regarding replacement of the 
80286 processor, with say an 
80386, let alone an 80486. | have 
read numerous books, e.g., ‘How 
to Expand, Modernise and Repair 
PCs and Compatibles’, but still 
have not come up with a definitive 
answer. Can you help? 

Michael G. Hersey, Essex. 


Probably the easiest way to 
upgrade to a more modern, 
faster processor is to replace the 
motherboard with a ‘third party’ 
one (i.e. non-IBM). Generally 
Speaking, most PC compatible 
computers follow the industry 
standard in terms of ISA 
expansion bus (the normal sort 
for address, data and power 
lines). Where this is the case, it 
is simply a matter of dismantling 
the case, unplugging the cards, 
removing the old motherboard, 
replacing it with the new one 
and reversing the disassembly 
procedure (as they say in the 
best workshop manuals). 
Modern motherboards are 
about half the size of their 
predecessors, so it is sometimes 
necessary to extend cables and 
dhnill extra fixing holes. Older 
motherboards normally use 
soldered-in DIL RAM ICs, 
whereas new ones use plug-in 
SIMM RAM modules, which are 
easily upgradable; hence it is likely 
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The Editor, ‘Electronics — The Maplin Magazine’ 
P.O. Box 3, Rayleigh, Essex, SS6 8LR. 

























































































month's letters. 


STAR LET-T-E-R 


This issue Miss F. Mitchell, of Oxford, 
wins the Star Letter Award of a Maplin 
£5 Gift Token in reply to one of last 











In Our Defence 

Dear Editor, 

| don't usually write to 
magazines, but | feel compelled 
to defend my generation against 
J, C. E, Moore's comments 
under ‘Noisy Buildings’ (‘Air 

| Your Views’, Issue 77). | am an 
electronics student and, at the 
tender age of 19, | do not believe 
that most problems have been 
solved. One of our lecturers said 
recently that an engineer should 
never be out of work, as for 
each problem solved he (or 

she) creates at least five more! 
How very true. 

\ do agree that young people 

do not have all the answers, but 
perhaps if people, both young and 
old, were not so scared to listen 
to others outside their awn age 
group, then most of the answers 
could be found. A lot of people 
believe that they come up with 
their best ideas while young, and 
that the young, like myself, can 
often give a more simplistic and 
useful approach to a problem. But 
we need the older people, with 
the experience, to stop thinking as 
if they know it all, and-help us put 











FOOD AI I DAI IAI DIDI AIO 


our ideas into practice. 
Experience often leads toa 
closed mind which may not 
explore all possibilities, usually 
missing out the obvious or 
simple. So instead of criticising 
the young, maybe more older 
people should work with them. 
\'m sure all electronics 
enthusiasts would benefit. 

On a different note, the magazine 
has proved very helpful with 

my studies, especially on the 
Practical side. | think it might be 
a nice idea to have some articles 
from professional electronics 
engineers about their work, 

and from hobbyists on the kind 
of things they get up to. I'd also 
be interested to hear from any 
females out there (if there are 
any), as I'm finding it a bit lonely 
being one of only two females 
on my course. 


It is reassuring to find that, in 
fact, the up-and-coming young 
folks have got their heads 
screwed on. We just wish that, 
going by the readership survey, 
more of them would buy our 
magazine! 


.2.9.9.9.2. 2.0.9.0. 0. 2.0.2 .@. Oo 4 





that SIMM RAM will have to be 
purchased as well. | have followed 
this route several times and. 
upgraded two Dell 12MHz 80286 
machines in this way. 
The procedure can be repeated 
ata later date to upgrade to 
@ 486 processor. Some 
motherboards will allow the 
Processor to be changed, but 
itis often no more expensive to 
replace the whole motherboard! 
Maplin, can supply the parts you 
need. Beware, though, that there 
are some traps to fall into, the 
commonest being: non-standard 
case sizes and designs; horizontal 
instead of vertical expansion slots 
for plug-in cards; and, in older 
machines, hard disk drives with 
very old formats which are 
impossible to use with more 
modern disk controllers. 
Not as Bad as it 
Sounds 
Dear Sir, 
| read with interest the ‘Automotive 
Amnesia’ letter in Issue 77, and 
felt the need to make some 
comment on the points raised. 
| too look forward to anything 
automotive related, and | am an 
electronics technician with a keen 
interest in cars and associated 
electronic systems. 
Firstly, | agree with Mr. Adams’ 
point about security coded audio 
‘systems, but that about engine 
management systems need 
rifying. 
Itis true that there are settings 
stored in RAM which are lost 
when the power is removed, but 
there are some other settings 
stored in ROM which act as an 
emergency ‘limp home’ system. 
These also form the basis for 
the management system, which 
allows the car to be driven until the 
system ‘learns’ a set of optimum 
settings, which can only be done 
by driving the car for 10 to 15 
miles, and these are then stored 
in the RAM. | know this to be true 
from reading many articles on the 
Subject, and also by removing my 
battery on a couple of occasions 
to find that the car, although 
it will start and run, is very 
underpowered for the first 
10 miles or so. 
Secondly, | would consider 
Plugging a 9V PP3 battery into 
the cigarette lighter socket very 
dangerous, as the car battery, 
being 12, would try to charge 
the PP3 at a high current until 
disconnected; which of course 
can be avoided by using a blocking 
diode, But this would bring the 
‘back-up’ voltage down to 8-4V 
or so from a good PP3, and when 
you consider what needs to be 
backed-up — radio, car clock, 
management RAM, etc. — the 
PP3 wouldn't last vary long! | would 
recommend 2 x 6V batteries or 1 
x 12V battery rated at 1Ah 
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Last month we introduced and described the two DPM 
modules, currently stocked by Maplin. This part describes 
more detailed applications that can, with very minor 
modifications, be used with these or any other types of DPM. 
In these, ‘conventional’ terminal notations are used, in which 
the notations RFH, RFL, ROH, and ROL correspond to the 


Maplin module notations ‘REF HI’, ‘REF LO’, 'REF+', and 





‘REF -’ respectively. Similarly, ‘conventional’ DP notations are 
used, in which DP1 corresponds to the left-hand decimal point. | 











19999V 
1L999kKV 
































Figure 36, A DPM can cover different DC 
voltage ranges by connecting the input 
through a potential divider. 


voltages of the shunts are directly read by 
the module, and variations in the switch 
resistance of SWla have no effect on the 
accuracy of measurement. Note that a sep- 
quate input terminal is used for the ‘2 Amp’ 
measurement, and that overload protection 
is provided by D1, D2 and Fl 


AC VOLT AND 

CURRENT METERS 

Figure 40 shows how the circuit of Figure 
38 can be modified to act as a 5-range 
AC voltmeter with a frequency response 
that is flat within 1dB to about 120kHz. 














DC VOLT AND 








CURRENT METERS 
A DPM module is usually supplied ready- 










Decimal 
point high 





calibrated to give a full-scale reading of 
21999mV DC. It can be made to give 
altemative full-scale DC voltage readings, 
at an input impedance of 10MM, by con- 
necting the input voltage to the module | 
via a decade potential divider as shown 
in Figure 36, Alternatively it can be made 
to act as a DC current meter by wiring 














@ suitable shunt resistor across the input 
terminals, as shown in Figure 37. Note in 
both diagrams that the appropriate deci- 
mal point of the display must be acti- | 


input. 





Figure 37. A DPM can be made to read DC current by connecting a shunt resistor across its 








vated, as shown 

The module can be used as a S1ange | 
DC voltmeter by using the connections | 
shown in Figure 38. The table provides 
altemative component values for the 
potential divider to give input imped- 
ances of either 1OMQ or 11-11MQ. Ideally, 
all multirange circuits should be fitted 
with some form of overload protection, 




















Fl and a Voltage-Dependent Resistor 








(VDR) or ‘transient suppressor’ across the 











and in the diagram this is given by fuse | 
| 
] 
i 








divider Note that on the °1999kV' range RI R2 | Rs | Ra) 
the maximum input is actually limited to | oad) S008 | SE) ako | 
700V by the VDR d D 
The DPM modula ean bowed os aS Tom | imo | 10: | 10K | 1100] maim 





























range DC cument meter by using the con- 














nections shown in Figure 39. The generated. 
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Figure 38: (a), 5-range DC voltmeter; (b), alternative attenuator values. 
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Figure 39. 54ange DC current meter. 
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Input signals are fed to the attenuator via 
DC blocking capacitor Cl, and the atten- 
uator is frequency-compensated by C2 to 
C4. The attenuator output is fed to the 
input of the DPM via a precision AC/DC 
converter, which gives a DC voltage out- 
put equal to the rms value of a sine- 
wave input. 

Figure 41 shows how the circuit of 
Figure 39 can be similarly modified to act 
as a 5-range AC current meter In this 
case it is not feasible to prevent DC cur- 
rents feeding into the shunts. Instead. DC- 
blocking is done at the output of the 
shunts by Cl & Ri, and the resulting AC 
signals are fed to the input of the DPM 
via a precision AC/DC converter Input 
Protection is provided by Fl and two 
pairs of series-connected diodes. 

Figure 42 shows the circuit of the pre- 
cision AC/DC converter recommended for 
use with the above two circuits. The 
design uses BAT85-type Schottky diodes as 
signal rectifiers. The gain of the converter 
can be set to precisely 22 by RV1. to give 
a DC output that is equal to the ms 
value of a sinewave input The converter 
is powered from the DPM’s supply rails 
and is designed around an LF355 op 
amp, which can operate well irom the 
28V between Vos and COM 


OHMMETERS 


The easiest and best way to use a DPM 
as a resistance (ohm) meter is to use it 
in the ratiometric configuration already 
described. This technique has two major 
advantages. First, it is very stable and 
inherently self-calibrating, the meter read- 
ing being equal to Ry x (rat/R..), where 
‘rat is the DPMS ratiometric value ‘rat’ is 
typically only 01% low (01% below unify), 
so Measurement accuracy is determined 
primarily by R.. The second advantage 
is that very low test voltages are gener- 
ated acress R, At most these are only 7/5 
of the energising voltage (typically 100 to 


i) 


Figure 40. Modification to the circuit of Figure 38, making a 5-range AC voltmeter. 








300mV at full-scale). Figure 43 shows how 
a DPM can be connected as a practical 
Stange ohmmeter. 


A 25-RANGE DIGITAL 
MULTIMETER (DMM) 


Figure 44 shows how the circuits of 
Figures 38 to 43 can be joined to make 
a complete 5-function, 25-range digital 


199.9uA 





multimeter, or DMM, and the table of 
Figure 45 lists the ranges and functions of 
the meter. 

The reader should have little difficulty 
in following the circuit of Figure 44. 
Functions are selected by SW1, ranges by 
SW2. SWla connects the inputs to the 
voltage, current, or resistance measuring 
networks, and SWld activates the AC/DC 
converter (which is the same as in Figure 
42) or energises the ‘ohms’ circuitry when 
necessary, Voltdige ranges are selected by 
SW2a, current ranges by SW2b, and resis- 
tance ranges by SW2c. SW2d and SW2e 
control the decimal point position en each 
range. the appropriate switch being 
selected automatically by IC2a IC2b and 
IC2c control the basic configurations of 
the DPM module. IC2 (a triple 2-way ana- 
logue switch) is activated via SW1d 


DIGITAL THERMOMETERS 

A DPM module can be made to act as a 
wide-range (-50'C to +150'C) digital ther- 
mometer by feeding the output of a lin- 
ear voltage-generating temperature sensor 
to its inputs. Two types of sensor are read- 
ily available. the first being an ordinary 
bipolar silicon transistor, and the second 
being a dedicated IC. In either case the 
resulting digital thermometer has a tem- 
perature discrimination of 0:1'C, with a 
linear accuracy varying from 05°C to 
15°C, depending on the type of sensor 
and circuitry used ” 

Because of its low mass, a transistor 
sensor has a thermal response time some 
10 to 100 times faster than a normal mer- 
cury thermometer When used to measure 
sharp changes in the temperature of free 
air, a transistor-sensor circuit typically set- 
tles to within 01°C of the new tempera- 
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NOTE: 
Di-02 are Schottky diodes 




















Figure 42, Precision AC/DC converter. 





ture within one minute, whereas a mer- 
cury thermometer takes some 20 minutes 
to attain the same accuracy. 


TRANSISTOR-SENSOR 
CIRCUITS 
When an ordinary NPN silicon transistor 


is connected as in Figure 46 (a) and is 
biased from a constant-current source, it 


generates an output voltage that is 
directly proportional to the transistor's 
temperature. This volfage has a tempera: 
ture coeificient of about -2mV/*C, and 
typically varies from about 600mV at 0°C 
to about 400mV at 100°C, as shown in 
the idealised graph of (b). In practice the 
‘shtaight line’ of the graph is linear, within 
about ImV, over the full range of 0°C to 
100°C, but the exact voltage generated at 








Figure 43. 5-range digital ohmmeter. 


S3pF 330pF 








any given temperature depends on the 
individual transistor and its operating cur- 
rent. Errors due to self-heating eifecis are 
negligible at operating currents below 
100A, and (c) shows the typical voltage 
variation (at 25°C) over the 10 to 40yA 
operating current range. 

Figure 47 shows a practical example 
of a simple digital thermometer that uses 
a transistor sensor and gives a direct 
readout in ‘C, and has a linear accuracy 
within 15'C over the O'C to 100'C range. 
A stable 28V is generated between Vso 
and COM of the DPM module. so RI 
drives the sensor transistor with a current 
of 22pA at O°C. rising to about 24pA at 
100°C. (This current variation couses most 
of the 15°C linear error of the circuit) The 
sensors output is fed directly to the DPM 
IN LO terminal, and a 600mV (nominal) 
offset voltage (equal to the sensor voltage 
at 0'C).is fed to IN HL A 200mV (nominal) 
reference voltage (equal to the difference 
between the generated O'C and 100'C 
voltages) is fed to the DPM’s RFH terminal 
The DPM responds to the differential or ‘IN 
HI minus IN LO' of its input. thus at 0'C 

































































NOTE: ICZ is 40538 
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Figure 45, Table of ranges and functions of the 25-range multimeter. 
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Figure 46. When a transistor is connected as in (q), its output voltage varies by about -2mV/"C, as shown in (b), The output voltage also varies 


with drive current, as shown in (c), 
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NOTE: 
Q1 is 2NZ906 
Q2 is 2N3904 


the meter sees 600mV - 600mV = OmvV, 
and gives a reading of ‘000 ‘C. But at 
100°C it sees an input of 600mV - 400mV 
= 200mV and (since 200mV is applied to 
RFH) gives a reading of ‘1000 "C’ 

Figure 48 shows a ‘precision’ version of 
the above thermometer circuit. This 
design has a linear accuracy of about 
O5'C, and its transistor sensor is energised 
at about 20NA by constant-cunent gen- 
erater Q1, which is temperature compen- 
sated by @2. Here, the divider R3 & R4 
(wired between Vro and COM) generates 
a voltage Vi (about 1V) across R3, and 
this voltage is ‘followed’ by 92 and 
causes voltage V. (equal to V, + Vic2) to 
appear on Q1 base The ‘V. voltage 
appearing on the emitter of Ql is thus 
equal to V; + Vi2 - Vrel. Note, however, 
that since Q] and Q2 operate at near- 
identical temperatures and at similar cur- 


€2 





Figure 46. Precision Digital Thermometer using a transistor sensor. Linear accuracy is 0:5'C. 











Q1 Bios current 


(2) 


Tent levels, the Veel and Vie2 values can- 
cel out at all operating temperatures, and 
Vz is thus equal to V, The constant-current 
output -of Q1 equals V/R1. and 
is independent of variations in ambient 
temperature. 


CALIBRATION PROCEDURE 


To calibrate the above two ‘thermometer’ 
circuits, firstly make up the transistor sen- 
sor and its flexible leads, then coat all 
sensitive parts with insulating vamish. 
When the varnish has dried, mix a quan- 
tity of crushed ice and cold water in a 
tumbler (to act as a 0'C reference). 
Immerse the sensor into the tumbler, and 
adjust RV1 to give a reading of ‘000° on 
the DPM. Finally. remove the sensor from 
the tumbler and immerse it in gently sim- 
mering boiling water (to act a 100°C 
reference), then adjust RV2 to give a 
meter reading of ‘1000’. Basic calibration 
is then complete. If the meter is to be used 
around some nominal average value 
during its working life. such as 25°C, 
then RV] can (after the initial calibration 
above) be altered to set the meter ‘spot on’ 
at that value. by immersing the probe 
and a standard thermometer in a liquid 
that is raised to the desired temperature. 


IC-SENSOR CIRCUITS 


Several companies manufacture dedi- 
cated temperature-sensor ICs suitable for 
use in DPM-based digital thermometers. 
One such device is the GE/Intersil AD590, 
Essentially a 2-pin IC (but with a third pin 





aDsg0 
Pin view 


























Figure 49. Digital Thermometer based on the ADS90 temperature-sensor IC. 
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Figure 51. ‘Stand-alone’ IC temperature converter, for use with a 0 to 200mV DC DPM. 


shorted to its case), it gives an output 
cunent of 1A/K which. when fed 
through a 1&2 resistor, gives an output of 
ImV/K. The non-calibrated ‘spot’ accu- 
racy of the AD590 varies from 05°C to 
10'C, and its linearity error from 03°C to 
15'C, deperiding on the device's ‘grade’ 
(indicated by a suffix number), The 590kH 
version of the IC has a ‘spot’ accuracy of 
225°C at 25'C. and can be used over a 
temperature range of -55°C to +150'C. 
Figure 49 shows how an ADS590 can be 
used with a DPM module. 


The AD590 needs a supply of at least 
4V, and this is obtained by wiring the IC 
between Vbo and TEST (which is internally 
Maintained at 5V below Vpo in the DPM) 
via D1, which biases the COM terminal to 
about 600mV above TEST. Ri is wired in 
series with the AD590 and generates 
approximately ImV/K (= 273-2mV at 0’C, 
373-2mV at 100'C), and this voltage is fed 
to the IN HI terminal. A bandgap refer- 
ence, IC2, generates a stable 12V, which 
is divided down by R3, RVI & R4 to give 
a ‘SET O'C’ offset voltage of nominally 


CLASSIFIED 





2732mV at IN LO. The bandgap reference 
voltage is also divided down by R5, RV2 
& R6 to provide a 'SET 100°C’ scaling volt- 
age of nominally 100mV at RFH. The cir- 
cuit must be calibrated in the way 
already described for the designs shown 
in Figures 47 and 48. 

An even more useful temperature 
sensor IC is the LM35CZ, from National 
Semiconductors. This thresterminal IC is 
housed in a plastic TO92 package and 
gives a linear dutput voltage of 10mV/"C, 
with a typical qecuracy of 204°C at-25°C, 
and can be used over the femperature 
range -40°C to +110'C. The IC must be 
Powered from a supply in the range of 4 
to 30V. It typically consumes 90HA at 5V, 
has a very low output impedance (typi- 
cally 049 at a load of ImA), and needs 
no external calibration. Figure 50 shows 
the ICs outline and basic application cir- 
cuits. Note that if the IC is to be used to 
indicate sub-zero temperatures then R 
must be connected to its output (pin 2) 
and taken to a negative supply rail. 

The major feature of the LM35CZ is 
that it needs no extemal calibration, and 
the best way to use it in DPM appli- 
cations is as an add-on accessory for 
use with an existing DPM voltmeter. In 
this case the IC should be used as a 
‘stand-alone’, independently powered unit 
as shown in Figure 51. with its output 
taken (when needed) to the '200mV DC’ 
input of the DPM via the 10.1 attenuator 
RI & R2. 

Next month sees the final part of this 
series, which will feature capacitance 
and frequency meters based on DPM 
modules. 

The reader is asked to note that this 
mini-series is based on Chapter 7 of 
the author's Instrumentation and Test 
Gear Circuits Manual, with the addition 
of extra material derived from data sheets 
supplied by Lascar Electronics Ltd. The 
hook is available from Maplin, Order As 
AAS7S price £16.95NV. 
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High efficiency 


Low power consumption 
when off load 


Reverse polarity protected 
Overload protected 
LED status indication 
Integral cooling fan 
Compact and lightweight 





Standby supply in case 
of mains failure 
Provides mains voltage 
in cars, caravans and 
on boats 























This device enables mains operated 
equipment, with a power consumption 
of 250W or less, to be powered from a 
high current +12V DC power source. 
Power sources include a car battery or 
alternator. This could be very useful if 
you need 230V AC mains voltage in the 
event of a power cut, for example, to 
power an electric pump and timer circuit 
for gas central heating, or domestic 
electric lighting. It could even be used as 
a backup supply to protect sensitive 
computer equipment in the event of a 
power cut. Other uses may be fo supply 
230V AC in areas where it would not 
normally be present, such as in a car, 
caravan, outhouse, or even on a boat. 





Kit Available 
VF35Q. : 





The assembled 12V DC/230V AC 
Inverter PCB ready for use. 
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Specifications 

Input voltage: 105 to 15V DC 

Current consumption: 25A (max) 

Output voltage: 230V AC (+10%) 

Output frequency: 5OHz (Crystal controlled) 
Continuous output: 250W (max) 

Peak output power: 500W 

Efficiency: 80% (max) 

Dimensions: 270 x 80 x 85mm 
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Figure 1. Block dlicigram of the 12V DC/230V AC Inverter. 
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Figure 2. Quasi sine wave. 
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also comprises crystal X1, resistor RI and 
capacitors Cl and C2. Each section of 
the ripple counfer divides the crystal 
frequency by fwo for 13 stages; the final 
output frequency is 8:192kHz which is 
then fed to the clock input of IC2, a 
4017 decade counter, The @6 output of 
the 4017 is connected fo the reset pin to 
provide the required count. The outputs 
Ql & @2 and outputs O4 & 25 are 
ORed together via the diodes D1 & D2 
and D3 & D4, which feed the parallel 
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Figure 3. Circuit diagram of the 12V DC/230V AC Inverter. 


The transformer steps up the high 
frequency switched input to a high 
potential, The output of the transformer 
is then rectified by the bridge rectifier 
D19 to D21 and smoothed by the 
feservoir capacitor C17. 

The resistors R40 and R33 divide the 
output potential of the transformer 
fo the required level. This is then fed 
back to pin 1 of IC4 forming a closed 
feedback loop; thus allowing the 
output fo be constantly monitored 
and adjusted as necessary by means 
Of pulse width modulation (PWM), to 
maintain constant output voltage both 
on and off load. 

The main output, +V2 is connected 
fo ihe top of the ‘H bridge driver’ via 
R42; so called because the four oufput 
devices (13 to 16) form the vertical lines 
of the 'H’ while the load would be the 
horizontal line. 

IC] is a 4060 14-stage tipple 
counter/oscillator; the oscillator section 
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Figure 4, T3 to Té mounting arrangements. 


4009 hex inverters N1 to Né (this is to 
provide more current). 

When the input to the inverters N1.N2 
and N3 is low, the FET 16 will be switched’ 
on; transistor T2 will also be switched on; 
Which In tum will switch off FET T4. When 
the input to the inverters N4,N5 and N6é 
is low, the FET 15 will be switched on; 
transistor T] will also be switctied on; 
which in fur will switch off FET 13. 

When either of the outputs of 0 or 
Q3 are high, the outputs of the inverters 
N1 to N6 are high; this will tum on FETs TS 
& 16, and transistors T] & 12: and tum off 
Fels 13 & 14 via Tl & 12; this effectively 
connects the Live and Neutral of the 
load fo OV via resistors R43. & R44: see 
Figure 2 for the output waveform. The 
following combination of Fels 13.14 or 
13.15 or 14,16 cannot be switched on 
at the same time. 

The current limiting circuit is comprised 
of an amplifier to monitor the load 
current. This operates by using R43 and 
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Important Safety Notes: 


NEVER CONNECT THE INPUT BATTERY TERMINALS DIRECTLY TO THE OUTPUT 
Do not earin any side of the oufput fo ground. 
Do not operate the unit out of its case, 


Bo not touch the output connections. 


Do not cover the ventilation holes. 
Do nof use in wet conditions. 


Do not extend the battery connection wires. 


Do observe the same precautions as you would the mains. 

Do ensure that the power consumption is not more than 250W. 
Do replace fuses with corectly rated ones. 

Do place the inverter away from TVs as it may cause interference. 











Solderside 


Figure 6. LED mounting. 


R44 as current sensing resistors enabling 
the voltage to be measured and 
amplified with non-inverting amplifier A2, 
of which R38 and R39 set the gain. 
Diode D9 prevents A2 from sinking the 
voltage on the capacitor C8. 

Opamp A3 is used as a Schmitt 
trigger, with R14 providing the positive 
feedback. If the voltage at the non- 
inverting input is higher than V;<:, then 
the oufput will latch high, and the 
output is then fed to the °CL’ junction 
via D10. CL (pin 10 of IC4) is the central 
connection of all the protection circuits, 
ie, the under-voltage detection (Al), 
overload time out (A4) circuits and the 
thermal switch (1S). If any protection 
circuit operates, LD1 will illuminate. In 
any of these instances IC4 will be 
disabled by faking pin 10 high. 

The low voitage detection circuit also 
uses Schmitt tigger, with R15 providing 
the positive feedback for hysteresis. The 
inverting input of Al is connected fo the 
potential divider R16 and R34, capacitor 
C13 ‘irons out’ any small supply 
variations. If the voltage at inverting 
input of Al drops below Vier, the output 
will swing high and illuminate LD1. 

The overload time out operates in the 
following manner: should any of the 
protection circuits trip; capacitor C14 
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Figure 7a. Insulators and T11 and 112 
mounting on end plate, 
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Figure 7b. Fitting the metal bracket. 


will be charged through R20. The Zener 
diode ZD1 is required to stabilise the 
charge voltage and therefore the 
discharge/charge time. determined by 
RI3. 

Adis set up as a comparator rigger 
with its inverting input connected fo Vie. 
Again, if the non-inverting input is higher 
than the inverting input; then the output 
wal be high ond disable IC4 via pin 10 until 
capacitor C14 is discharged; which will 
onl happen if he supply is disconnected. 





Construction 

Photo 1 shows the completed PCB, 
which will help in the identification and 
Placement of components. It is best to 
fit the wire links first, and these are 
marked ‘J’ on the PCB, The two 
exceptions are 3XJ where three wire 
links are fitted in paralle! and soldered 
fogether, and position ZD4 where a link is 
fitted for the +12V DC version. 

Referring fo the circuit diagram in 
Figure 3 next fit the resisiors, starting with 
the /W, |W, 1W types. When mounting 
the two 3W resistors, stagger them 
above the board at 10mm and 15mm. 
frorn the PCB to the top of each 
component. 

Next fit the diodes making sure that 
their orfentation is correct. When 
mounting diodes D18 fo D21 there 
should be 20mm from the PCB to the 
top of each component. Do not fit LEDs 
LD1 and LD2 at this stage. 

Locate and fit Zener ZD1, making sure 
that it is corectly orientated on the 
board, When fitting ZD2 and ZD3, these 
should be mounted 10mm from the PCB 
to the top of each component. A link is 
fitted in place of ZD4 in the +12V version, 

Identify and fit the inductor, as it looks , 
similar to a resistor but has a pale blue or 
green case. 

Next fit the one 14-pin and four 1é-pin 








Figure 7c. Soldering 111 and T12 devices to 
the PCB, 


DILIC sockets, making sure that the 
notches on the sockets match those on 
the PCB, 

When fitting the capacitors, observe 
the corect polarity on the elecirolytics. 
The positive lead is normally longer, and 
the negative is shown by a series of 
arrows or — symbols on the casing. 

Solder the four PCB blade terminals 
which are marked ‘GND’ ‘+V" and the 
two ‘AC’ onto the PCB. Next identify 
and mount VRi the 7812 reguiator, 
making sure that the mefal heatsink 
matches the legend on the PCB. 
Maiching the outiines of T] and T2 
solder these onto the PCB, and then fit 
the crystal, PCB pins and switch SW1. 

Refer to Figure 4 for fitting T3 & 14, 
note that they are mounted fiat on the 
PCB, and held in position by a 12mm. 
M3 bolt, shakeproof washer and nut. 
Figure 4 shows also the vertical fitting of 
TS, 16 & TS (thermal switch). Note that 15. 
has its own heatsink and that 16 & TS 
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Figure 8. Simple witing diagram. 

















Photo 2. The assembled 12V DC/230V. 
AC Inverter PCB located in its case. 

together by two 
metal yokes. When the 
assembly of the transformer is complete. 
mount it onto the PCB with the markings 
on it matching those on the board. 

Next fit the red and green LEDs LD1 
and LD2. These are fitted and soldered 
in under the PCB, see Figure 6 for 
mounting deiails. 

Refering to the drawings in Rgure 7a 
place the two thermally conductive 
insulators onto the end plate, and using 


share a heatsink. Again make sure 
that the devices match the legend 
on the PCB. 
Solder the fuse holder in position 
and push the fuse F1 into ifs holder. 
Next fit the ICs info the DIL sockets, 
correctly orientating them so that the 
notch on the ICs matches those of the 
sockeis, 

Assemble the transformer as shown in 
Figure 5. It is formed by fixing fogetner 
sections of coil formers. cores, and held 
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a.smail amount of thermally conductive 
paste applied on top, fit T7 and TB. 

A metal retaining plate can then be 
bolfed to the cover holding T7 and 18 
in position by three 15mm M3 bolts, nuts 
and shakeproof washers, the order of 
which Is shown in Figure 7b. 

Bend the legs of 17 & 18 and solder 
to the PCB, ensuring that the legs are 
soldered in the correct place to enable 
the end plate to fit flat against the case. 
See Figure 7 which shows mounting 
details, 


Assembly 

For assistance in assembly Photo 2 
shows the completed 12V DC/230V AC 
Inverter mounted into ifs mefal case. 
Screw the end plate (with the large 
hole) fo-the larger of the two halves 

of the case. Attach the fan to the end 
panel using the two M3 30mm bolts, 
nuts and shakeproof washers provided. 
Half side the PCB into the sot, solder 
the red (+) and black (-) wires from the 
fan (blower to the PCB; the position is 
marked by (-B+). 

Fit the grommet in place above the 
Power ‘On’ switch. 

Solder the blade terminal connectors 
onfo the heavy duty red and black 
wires. Connect the.black wire to ‘GND’ 
blade terminal and the red to +V blade 
terminal. Feed the free end of the wires 
through the grommet, and solder the 
large crocodile clips to the wires. Solder 
the blade terminal connectors onto the 
twin mains DS live and neutral wires, and 
connect to the blade terminals marked 
‘AC’. Feed the free end of the cable 
through the grommet, and connect a 
13A trailing socket to the mains cable 
Now slide the PCB fully home, making 
sure that the wires passing through the 
grommet are not too slack and screw 
the end plate in position, see Figure 7c. 
Photo 3 shows the completed unit with 
the wires in position. Make sure that the 
leads are not catching and fit the top 
half of the case and screw in place, 
Figure 8 shows the battery and tralling 
lead connections, This completes the 
assembly. 

Some devices may offer a capacitive 
load (computers and some battery 
chargers), as a result the inverters heat 
protection circuit may operate after a 
short while. If will be necessary fo wait 
a few seconds before resetting the 
inverter, as it is important to leave the 
inverter switched on so that the fan 
can operaie. 

Affer the inverter has gone into 
overload or short circuit protection, 
it must be reset by switching the unit 
off, waiting for 10 seconds and then 
switching the unit back on. 

During continuous use of the inverter, 
it is advisable fo leave the vehicle's 
engine running, fo prevent the battery 
being discharged. 


Important Safety Warning 
The 230V AC output from this inverter. 
and ihe high voltages present inside the 
inverter, are potentially iethal and must 
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be treated with the same respect as 
mains vottage. Every possible precaution 
must be taken io prevent the possibility 
of electric shock. Since this unit does 
Dot provide any connection fo the earth 
pin of the trailing socket, it must be 
used only with Class || double insulated 
equipment displaying the &) double 
square symbol. Under no circumstances 
should Class | equipment, requiring an 
earth connection, be connecied to 
this unit. Under no circumstances should 
| any connection be made to the earth 
| terminal of fhe tralling socket. Failure 
to observe these precautions is likely to 
| expose the user to electric shock and 
| possible fatal electrocution, If in any 
doubt as to the comect way to build or 
use this unit, seek advice from a suitably 
Photo 3. The completed 12V DC/230V AC Inverter, with wires attached. qualified engineer. 
12V DC/230V AC INVERTER PARTS LIST 
RESISTORS (All 0-25W Unless specified) 18-21 BYTS6K 4 
RI 10M 1 2D) 3V9 Zener 1 
R2-1239 10k 11 223  62V 1-5KE62 2 
R1I314 1M 2 24 Wite Link Gee text) 1 
RIS 4M7 i) LD) Red LED 3mm, 1 
R16,17 47k 2 Lb2 Green LED 3mm ] 
RIB19 1002 2 VRI L7812 Regulator 1 
R20,21 100k 2 : 
R22 470k 1 MISCELLANEOUS 
RQ3-25 3k3 3 PCB ] 
R26 2 1 ul 220pH ] 
[27-29 102 3 TRI Transformer TR3507 
R30 8200 1 Yoke 2 
R31 27k ] Core 2 
R32 1K6 1 Coll Former ] 
R33 5k6 1 1s 90'C Thermal Switch 1 
R34 8k2 1 SW] SPDT Min Switch 1 
R35, ik i x] 2:4576MHz Crystal i} 
R36 56k 1 Fl 0A Fuse 1 
R37. 16k 1 1é-pin IC Sockets 5 
R38 2k7 1 Heatsinks 2 
R40 330k (0-5W) 1 Thermally conductive 
R414245 1Q01W) 3 Insulators: 2 # 
R43,44 TREQGW) 2 Fan +12V DC 1 
Spade Posts 4 
CAPACITORS Spade Connectors 4 
C1.c2 22pF 2 Case: 1 
c3 nF 1 M3 x 12mm Bolts 2 
C47 1OnF 4 M3 x 15mm Bolts 3 
cs 100nF 1 M3 x 30mm Bolts 2 
©1920 22nF 6OOV 2 M3 Nuts 9 
C9-13 2)2F SOV Min Electrolytic 5 M3 Shakeproof Washers 9 
ci4 33yF 16V Electrolytic i Metal Retainer Plate 1 
cid JOOiF 25V Electrolytic 1 
Cié 1000)iF 35V Electrolytic 1 OPTIONAL (Not in kit) 
Ci7 ATF 350V Electrolytic ] Trailing Mains Socket 1 (HL73Q) 
cis 2200)F 16V Electrolytic 1 2-core Mains Cable As Req. *(XR47B) 
Silicone Grease Tube i] (HQOQ0A) 
SEMICONDUCTORS 
T2 MPSA44/BF844 2 
136 IRF740 4 The Maplin ‘Gef-You-Working’ Service is available for this 
Ws RFG40N10 PA project, see Constructors’ Guide or current Maplin 
ci 4060 1 Catalogue for details. 
Ie2 4017 1 The above items (excluding Optional) are available in 
Ic3 1 kit form only. 
(C4 SG3525A (SMPS) 1 Order As VF35Q (12V DC/230V AC Inverter) 
M324 1 Price £119.95 B4 
Dl-14 1N4148: 14 Please Note: Some parts, which are specific to this 
DI5:16 1N4007 2 project (e.g., PCB), are not available separately. 
DI7 GAS 1 
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As | write, Christmas 
approaches, although | realise 
that by the time you read this, 
Easter will have passed and 
midsummer on its way. Certainly 
the dark evenings (and momings) 
will be a thing of the past for 
another year. At present though, 
lights are needed for much of the 
time, even throughout the day, 
when the heavy black clouds are 
lower. With the recession still vividly 
in our memories, and with it still 
affecting many both here and 
abroad, any scheme for saving 
money must prima facie be a good 
idea. One such idea which appears 
from time to time, is a scheme for 
extending the life of tungsten 
filament lamps for domestic lighting, 
by under-running them. In the USA, 
where such lamps are usually fitted 
in Edison screw holders, mail order 
firms advertise such ‘economisers’. 
“They not only increase lamp life, 
they actually reduce the current 
drawn at the same time"; what a 
wonderful idea! Unfortunately it is 
all a big con. Yes, they do just that, 
but at the expense of a greatly 
reduced light output. The economiser 
consists of a thin silicon rectifier 


button mounted at the centre of t 


a@ disc of insulating material; you 
simply unscrew the bulb, place the 
disc on the centre contact and screw 
it back in again. Now, current only 
flows on alternate half-cycles, so it 
is substantially reduced: not actually 
halved, because at the reduced 
running temperature of the filament, 
its resistance is much lower than 
at full brightness. The brightness 
however, is drastically affected — 
roughly speaking every 1% reduction 
in lamp current results in a 4% fall in 
light output and a 12% increase in 
lamp life. If you can accept the greatly 
reduced light output of a lamp with 
such an ‘economiser’, you would be 
in the first place, far better off fitting a 
lower wattage bulb. After all, the cost 
of a bulb is less than a tenth of the 
cost of the electricity it uses in its life, 
so where's the saving? The only merit 
of the scheme is where access for 
bulb replacement is very difficult, 
over a high stairwell for example. 
Even there, the obvious solution is a 
long-lasting rough-service lamp, 
as obtainable at any good hardware 
store. Fancy devices such as 
mailorder economisers only improve 
the financial well-being of the vendors. 
With the increasing use of surface 
mount devices (SMD). everything 
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from resistors and capacitors to 
inductors, transistors, ICs and even 
transformers, equipment is being 
miniaturised to an ever greater extent, 
with of course the elimination of hand 
soldering of individual components. 

It should all lead not only to greater 
productivity in manufacture, but 

also to greater reliability and hence 
better value for the end customer. 
Unfortunately a nasty problem is 
rearing its head and putting an ugly 
fly in the ointment. Surface mount 
multilayer ceramic capacitors 

are widely used as decoupling 
components in analogue, digital and 
FF circuits. The end connections are 
plated areas, making contact with the 
edges of metal layers forming the 
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plates of the capacitor. Many 

experimentally minded readers 
will know that it is not a good 
idea to try reusing such 
capacitors, since the end plating 
can easily come adrift from the 
capacitor body during repeated 
soldering operations. In normal 
manufacture, in theory, there 
should be no problem. In fact 
there is a problem with board 
flexure. This can be caused 

by a bed-of-nails test fixture, 

the straightening of a warp as 

a board as itis installed in an 
end-product. Pick-and-place 
machines loading the second 
side of double sided boards, and 
separating individual ‘biscuits’ 
from the larger boards, all are 
often used to take full advantage 
of automatic assembly machines. 
Such flexure, causing mechanical 
stress on the device, can crack 
the end plating of an SM 
multilayer ceramic capacitor, 
leaving it making a purely 
mechanical contact. The board 
may then pass test, only to fail 
months later due to moisture 
or high currents. On a 
= microprocessor board, the 
resulting inadequate decoupling 
could cause a malfunction only 
when a particular sequence of 
code was run, the fault being 
almost impossible to trace and 
probably wrongly attributed to 

a bug in the program. Careful 
board handling in all stages of 
production, test and installation 
is the only way to avoid such 
3{ problems. This is a classic 

| illustration of the adage that 

you cannot ‘inspect’ quality into 
@ product; it has to be built in at 
every stage from square one on. 
Last summer, NASA was forced 

to postpone a planned flight of the 
manned space shuttle Discovery, 
due to unusually heavy debris from 
a passing comet. Officials said it was 
the first time a US manned mission 
was delayed by a threat from 
heavenly bodies. It seems that 
heavenly bodies can pose a hellish 
threat. 





| 


eam 


Yours sincerely, 
point Ot 


The opinions expressed by the author are not nacessanly 
these of the publisher or he editor. 


atk 








= 
Maplin Magazine June 1904 











peace THIN 


ELECTRONICS MAGAZINE! The Maplin Wages 








%* 2 FREE ISSUES if you agree to %* VES, SAVE MONEY by taking 
subscribe by Direct Debit or Continuous a subscription, it's cheaper than 
Credit Card, saving you over £6.00! buying each individual copy. 

* FREE DELIVERY TO YOUR DOOR, + 5% SUBSCRIBERS' DISCOUNT 
and there are no additional carriage CLUB CARD saves you money on 
charges. further purchases! 


** PLUS — News, reviews, readers letters, competitions and lots, lots more besides! 


To subscribe just send a cheque/postal order for £9.96 made payable to Maplin Electronics, P.O. Box 3, Rayleigh, Essex SS6 8LR. OR you can 
take advantage of our offer of two free issues by completing the coupon below and agreeing to pay by Credit Card or Direct Debit. The two free 
issues offer only applies if you use one of these two methods of payment. Simply fill in the ‘Payment by Credit’ or ‘Payment by Direct Debiting 
Mandate’ and return it to Maplin. Every time, about 1 month before your subscription is due, we will send you a letter giving details of the 
subscription rate and telling you the date on which we will charge your Credit Card or debit your bank account. If you do not wish to continue 
your subscription, you have until that date to let us know, and we will then cancel your authority to bill your Credit Card or cancel your mandate. 
Otherwise, if you do nothing. your subscription will continue. The authority or mandate you give us does not allow us to charge anything other 
than the Maplin Magazine subscription. The benefit to you is that you no longer need to remember to renew your subscription or send off any 
more cheques or postal orders. Payment is made automatically. 





OVERSEAS READERS ~ SUBSCRIBE NOW! ~ Phone Maplin Export: +44 702 554155 Ext. 326 or 351. 
AFRICAN READERS ~ SUBSCRIBE NOW! — Phone Maplin South Africa: +27 24 515 124. 
Subscription rates for 6 issues are: £14.50 (or 37 IRCs) in Eire, Europe and surface mail outside Europe; £20.50 (or 53 IRCs) Air Mall outside Europe. 























TAKE THE NEXT 2 ISSUES OF THIS MAGAZINE FREE! 


Because we're so certain that naw you've seen the Maplin Magazine you'll want to receive it regularly, we're offering to send you the next two issues free of charge with 
absolutely no obligation to continue. Just fill in the details below and if after receiving two issues you do not wish to continue, just let us know at least one month before the 
next Issue /s due and we will cancel your subscription. The two free issues will be yours to keep whatever you decide. lf you already have a subscription, fill in the details below 
and we'll add two issues free of charge to your current subscription. SEND NO MONEY NOW. About 2 weeks before the third issue is due, we will charge you £9.96 for the next 
Six issues, unless you have cancelled. This offer is not available to those already paying by Direct Debit or Continuous Credit Card or thosa who have stopped payment by either 
‘method within the last year. THIS OFFER IS OPEN TO RESIDENTS WITH U.K. ADDRESSES ONLY. PLEASE START MY SUBSCRIPTION WITH ISSUE 79. 


= = EITHER == 
%* PLEASE ADD YOUR ADDRESS, SEE BOTTOM RIGHT * 


PAYMENT BY CREDIT CARD. Pizase charge my Credit Card Account Customer Number (if known) 





Access | Visa American Express: . 
authorise you until further notice in writing to debit my CREDIT CARD account — = 


by £9.96 and in future, with any amounts which, after notification, MAPLIN ‘Account No, 
ELECTRONICS plc may debit thereto in respact of my subscription La M | | 
to the Maplin Magazine Signature Date 











. 3 OR —— 
PAYMENT BY DIRECT DEBITING MANDATE in favour of Maplin Electronics ple, P.O. Box 3, Rayleigh, Essex SS6 @LA @O 





Direct Debit payment option is only open to customers with bank accounts in the U.K. including Channel Isles, isle of Man and N.Ireland. 
Please note: Instructions cannot be accepted to charge Direct Debits to a Deposit or Savings Account. 








Bank Sort Code ] “Bank Account Number | authorise you until further notice in writing to charge my account. 
amounts which MAPLIN ELECTRONICS pic may debit thereto by 
my subscription to the Maplin Magazine. 








Name of account to be debited ] 1 will inform the bank in writing itt wish to cancel this instruction. 


J understand that if any direct debit |s paid which breaks the terms of this instruction, the 

z bank wil make 3 refund. 

‘The Manager _ . 
7 Signature Date 














Enter your address and Maplin customer number, if known. 

















| Postcode 





Put this form in an envelope and address it to: Maplin Electronics, Freepost, P.O. Box 3, Rayleigh, Essex, SS6 2BR. 
June 1994 Maplin Magazine a 


[_ ORDER COUPON 
Ld eykevey ky ELECTRONICS | “. 


P.O. Box 3, Rayleigh, Essex SS6 8LR. 
Telephone, Credit Card Sales (0702) 554161: Enquiries (0702) 552311 


A Gtoriet posta code scorecty sromn ne ety pad enwetooes 


On occasion Maplin Electronics may permit other reputable companies to 
make offers ol products or services which we believe willbe of interest to our 


customers. If you do not wish to receive this information please write no in the box. 


“Please enter catalogue page no. where tem appears. 





Description (tor your information only) 





inary comespencercesisase gute yorrastmernaréer Date ... 








Customer No. 





Post Code... 


{TIS MOST IMPORTANT THAT YOU INCLUDE YOUR POSTCODE 























ad 


Utnotin catalogue, write Mag foe Magazine or SO for Special Oflers ete 


Order Code 


Block capital letters please. 





Quantity| Price Each | £ Total p 


Keep a copy of your order. 


Itnotusing 1994 catalogue, enter dats of cataloguehere: 19 











Price Change Leaflet (Please write 1 in quantity, if required) 





A 


9|9 FREE 0 


































































































Form MESS Issues 























Total this sheet 














Total other sheet(s) £ 









Overseas customers Office Use Only 
including Channel sles | — 
and Eire, please deduct ;ca|ca}Po 





VAT where applicable 





Totalforgoods © 























ina PHONE BEFORE and tick this box. Total 
= spn FOR SAME e ii 
GAY. DESPATCH Export Order 








| authorise you to debit my credit card account for the cost of goods despatched 






Carriage charoes tor lamme tage or heavy tems 2s 
shonnincataiagee tiga nitasbox exceeds £5 7D you 
‘eaconty pay £5 70 Max Cart Charge per order £5 70). 

























































Credit Card Number | | 














(Deduct valus of Credit Note No. 
Enclose the numbered Crest Note wih tis order. 








Access/American Express Visa... 





Note. Goods will be despatched only ifthe address above is the cardholder's address. 


ordering by credit card please sign: 





Expiry date of Credit Card...... 





wr 


Delete as required 


Deduct value of Git Toxen No. —— £265 
(Enclose GA Token with exder.) 





Please add £1.40 Handing Charge 
This amount mustbe addedtoeachorderpicced | 1 40 

















Total £ 




















Maplin Magazine June 1994 


In Parts 6 and 7 of this series, we 
looked at some of the many uses to 
which the SCR can be applied. In the 
final part, we examine the triac. 


THE TRIAC 


The triac can be thought of as comprisi 
two SCRs back to back, with a comm 
gate that controls conduction in one di 
tion or the other as appropriate. Because 
is bidirectional, it is not appropriate to refe 
to the two main terminals as anode and 
cathode, as in the case of the SCR, but to 
call them, somewhat unimaginatively — 
Main Terminal 1 (MT1) and Main Terminal 
2 (MT2). Pin-out diagrams determine 
which terminal is which, and the definition 
of forward conduction is that it takes place 
when MT2 is positive with respect to MT1, 
assuming favourable gate conditions, of 
course, Not only can the device conduct 
on either polarity of the supply voltage, but 
the gate current, to trigger it into conduc- 
tion, can be either positive or negative as 
well. This gives rise to four modes of oper- 
ation, these being the combinations that 
arise from the two possible polarities of 
voltage between the main terminals and 
the two possible polarities of gate current 
(and voltage) to turn the device on. These 
four modes are quite different, a fact which 
is not immediately evident but arises from. 
the rather complex construction of the 
device. From these basic facts, it would 
seem that the triac will be especially use- 
ful when the supply is alternating, since 
power to a load can then be controlled on 
both the positive and negative half-cycles 
as required. The SCR, as an individual unit, 
can only control load power on those half- 
cycles when the supply makes the device 
anode positive with respect to its cathode. 
For full-wave power control we should 
have to employ two SCRs, one for each 
half-cycle. This is obviously not as con- 
venient as being able to use a single device. 
In general, therefore, we shall expect to 
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find the tria¢ almost always employed 
when the load power is alternating. In this, 
the final part of this series, we shall look at 
just a small selection of circuits in which 
this is the case. 


PHASE CONTROL OF 
TRIACS 





Because the basic principle of gate control 
of a triac is essentially the same as for an 
SCR, the use of phase control can also be 
employed. In fact, we should not be sur- 
prised that it is used, because, in this 
method of gate control, the gate control 
voltage and current are derived from the 
alternating mains supply, with no other 
modification than attenuation and shifting 
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Figure 1. Phase control of the triac with two-stage RC network and diac trigger. 
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its phase with respect to that of the anode 
supply. A simple RC phase-shift network, 
with the resistor made variable, could be 
used. For a greater range of control, two RC 
phase-shift networks are required and a cir- 
cuit using this arrangement is shown in 
Figure 1, These RC networks are cascaded 
from the mains supply to the gate, the first 
network having a resistive section compris- 
ing a fixed 3.9kQ resistor and a 220kQ vari- 
able resistor. In this circuit, a diac is used as 
a trigger device, which is often the case with 
triac circuits, especially in such applications 
as: light dimming, universal motor speed 
control, heating controls, etc. It is perfectly 
possible to trigger the triac gate directly from 
the voltage across the capacitor C2, but 
there is an advantage in doing it indirectly, 
as it were, through a diac instead. The 
mechanism of this is as follows 

The point at which a triac (or an SCR) can 
be triggered from the non-conducting state 
into the conducting one occurs at certain 
combinations of gate current and gate volt- 
age. These combinations are a function of 
temperature. For example, for a particular 
device, they might be V, = 2-9V; 1;=25mA, 
at 40°C: Vz = 2V; |e= 15mA, at +25°C: Vz 
= 1-7V; ls = 10mA, at +100°C. It might be 
thought that the ranges of temperature 
quoted above are rather excessive. 
However, it is surprising just what extremes 
can be met in practice, worldwide. Even 
interpolating between the above limits over 
amore restricted range of temperature, say 
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Figure 2. Optical triggering of triac control circuit. 


~20°C to +50°C (a perfectly feasible oper- 
ational temperature variation) would still 
show a substantial variation in Vzand |,. Just 
what is the significance of all this? 

Imagine the alternating waveform rising 
from OV at the crossing point; variations 
are with respect to time, of course, which 
means that, at some specific instant, the 
tight conditions for triggering will occur. If 
the values of Vz and |, that caused trigger- 
ing were constant, then triggering would 
always occur at exactly the same point in 
each half-cycle. However, if the tempera- 
ture varies, (as it surely will) then the trig- 
gering point will shift along the time axis, 
towards the right as the temperature falls, 
and towards the left as the temperature 
rises. The triggering point is, thus, unpre- 
dictable. Often this situation cannot be tol- 
erated. The answer is to apply suddenly 
(the key word) a voltage/current pulse that 
is considerably larger than is actually 
required to trigger the triac and to ensure 
that this always occurs at the same instant 
in time. As it happens, the breakdown volt- 
age of a diac is very predictable. This 
means that it will always break down at 
exactly the same instant of time (from the 
instant when the supply voltage applied to 
it rises from zero towards the peak value, 
whether positive or negative). When it does 
break down it will partially discharge the 
associated capacitor (C2 in Figure 1), 
sending a large pulse of current into the 
gate of the triac, immediately turning the 
latter on. 


TRIGGERING A TRIAC 
OPTICALLY 


There are cases in which it is useful to be 
able to trigger a triac from either the appli- 
cation or the breaking of a light source. 
Such examples might include burglar 
alarms and automatic doors, to give just 
two instances. Figure 2 shows a possible 
Circuit. 

The supply is the normal 240V 50Hz 
mains, which is applied to the load and 
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triac in series, as well as to the primary 
winding of a transformer, the secondary 
winding of which supplies 12V mms approxi- 
| mately to a bridge rectifier. A circuit for 
alternating current is established through 
the bridge rectifier, the 120Q resistor and 
the gate-MT1 path back to the transformer 
secondary. Under normal conditions, the 
| triac will fire during every half-cycle and 
power will be supplied to the load. So far, 
so good. Now consider the rest of the cir- 
cuit. 

What we have here is a Darlington pair, 
strapped directly across the opposite arms 
of the bridge. The base circuit of the input 
transistor, a BC184L, consists of two resis- 
tive elements, one of which is a fixed 
100kQ resistor and the other a Light 
Sensing Device. In the original circuit, this 
device was specified as an LS600, which | 
suspect is a Texas Instruments device, prob- 
ably a photo-transistor. What the device 
does though, is that it then switches from 
high to low resistance between the dark 
and illuminated conditions. This being the 
case, a Light Dependent Resistor (LDR), 
such as an ORP12 or ORP60, could be 
used instead. When the light sensing device 
is ‘in the dark’, its resistance is high and no 
significant current flows in the 100kQ resis- 





tor. The Darlington pair are non-conduct- 
ing and there is no path for current into the 
gate of the triac; the latter is, therefore, non- 
conducting and the load power is zero. 
When the light sensing device is illumi- 
nated, however, its resistance goes low and 
a current flows in the 100kQ resistor, and 
as such will develop sufficient voltage 
across it to turn the Darlington pair on. 
When this happens, the bridge is effectively 
short-circuited and a current path is created 
through the Darlington pair and the rele- 
vant bridge diodes, resulting in the triac 
being triggered into conduction and sup- 
plying full power to the load. 

With the circuit as shown, therefore, a 
light incident on the sensor triggers the triac 
on (performing whatever function is 
required). The operation can be reversed 
simply by changing the positions of the sen- 
sor and 100kQ resistor. For many applica- 
tions, the latter arrangement would 
probably be more logical, since the ener- 
gising of an alarm or the operation of an 
automatic door is more likely to be the out- 
come of interrupting a beam of light rather 
than energising one. 





ISOLATED SWITCHING 
OF TRIACS 


It is sometimes a requirement that there is 
good electrical isolation between the input 
Circuit that, in response to some stimulus 
generates a triggering signal, and the main 
power circuit involving the triac and asso- 
ciated load. Such requirements are dictated 
by a particular need for safety. Figure 3 
shows the use of a pulse transformer to 
couple the trigger pulse to the triac gate; 
such a transformer is able to withstand volt 
ages up to about 1-5kV between primary 
and secondary windings. This circuit also 
shows the use of digital logic to generate 
the trigger pulse. With such circuits, the 
output pulse is a response to a required 
logical input combination. In the example 
shown, only the final stages of the logic 
circuit only are shown. These comprise a 
2-input Schmitt trigger NAND gate (run- 
ning as a gated astable multivibrator at a fre- 
quency of about 12 to 15kHz) and a special 
interface IC, which is a Texas Instruments 
type SN75451. The latter incorporates a 
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Figure 3. Isolating trigger and control circuits using an optoisolator. 
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Figure 4. Isolating trigger and control circuits using a pulse transformer. 


driver transistor for the pulse transformer. 
The circuit works as follows:— 

The multivibrator is formed by connect- 
ing a 100nF capacitor from one input of the 
NAND gate to ground and bridging this 
input to the output with a 390Q resistor. 
Initially the capacitor is uncharged and the 
Schmitt output is a ‘logic 1’ (a logic O at 
either input of a NAND gate always pro- 
duces a logic 1 output), When the capaci- 
tor charges towards the output potential via 
the resistor, its voltage will eventually reach 
the upper threshold voltage which causes 
the Schmitt circuit to change state; the 
output falls immediately to logic 0. The 
capacitor now discharges until the lower 
threshold voltage is reached and the circuit 
changes state once more. In this way the 
output of the Schmitt circuit oscillates 
between the two logic levels. A train of 
pulses is coupled to the interface device, 
thence to the gate of the triac via the pulse 
transformer. These pulses have a current 
capacity of up to 300mA each, Because of 
the high-frequency of these pulses com- 
pared with the mains frequency of 50Hz, 
the triac will be fired as soon as the sup- 
ply voltage reaches the requisite value. 
Even in the case of inductive loads, where 
the firing may be delayed, so as not to fire 
on the first pulse, firing will be almost 
immediate since the trigger pulses are 
closely spaced. 

No mention has been made yet of the 
other Schmitt input. This is used to inhibit 
the multivibrator, so that the train of trigger 
pulses can be turned on or off in response 
to this level. This input point is actually the 
output point of a previous combinational 
logic circuit. The latter will respond to vari- 
ous inputs and generate the appropriate 
logic level. In this specific case, the level 
required to allow the multivibrator to run 
is a logic 1; the level required to inhibit the 
oscillator will be a logic 0 (the Schmitt out- 
put then sticking at logic 1). 

Another method of providing the 
required isolation is to use an optoisolator, 
also called an optically-coupled isolator 
(OC), as in Figure 4. 

This circuit serves to illustrate a basic 
principle by showing the switching of cur- 
rent through the input of the OCI using a 
DC supply and single-pole switch. A more 
sophisticated arrangement than this might 
well be required in practical cases. 
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However, what is really relevant here, is 
what is happening at the output side of the 
a 


Smaller triacs require around 5mA of 
gate current for switching, a value which 
should be available directly from the out- 
put of the OCI. This would make for a very 
simple circuit. However, if higher gate cur- 
rents are required, as will often be the case, 
some current amplification will be needed. 
Provision for this is included in Figure 4. 
The 2N3711 transistor acts as an interface 
between the OCI and the triac gate. This 
circuit also provides about 1-5kV isolation 
between trigger and power circuits. 
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Figure 5(a). Reversing motor control. 





REVERSING MOTOR 
CONTROLS 





Often in industrial applications itis necess- 
ary to be able to reverse the direction of an 
electric motor, either manually or by some 
form of electronic switch, itself actuated by 
a sensor. Figure 5(a) shows the basis of a cir- 
cuit which uses two triacs, one for each 
direction of rotation. The motor type is 
called a ‘split-phase capacitance motor’. 
Asa safety feature, the capacitor has a series 
limiting resistor which prevents damage to 
the triacs in the event of both of them turn- 
ing on at the same time and producing a 
large loop current due to capacitor dis- 
charge. Normally, only one triac at a time 
is turned on: when one triac is on, the other 
controls the direction of the motor. 

One application for a circuit of this type 
is in the operation of garage doors, by 
remote control, Such a system makes use 
of a transmitter and receiver in addition to 
the control circuits themselves. The block 
diagram for such a system is shown in 
Figure 5(b). 

When the garage door is in the closed 
position, the gate drive to the DOWN triac 
(TRIAC2) is disabled by a limit switch 
(lower limit — switch open); at the same 
time, the output of the AND gate driving the 
UP triac (TRIAC1) is at logic 0 because the 
logic level on the flip-flop connection to it 
is also a logic 0, this arises because the last 
command given was for ‘doors closed’. 
When the transmitter next sends the ‘doors 
open’ signal, the flip-flop changes polarity 
and sends a logic 1 to the upper AND gate. 
The inputs to this gate are both now at logic 
1 because the ‘upper limit’ switch is now 
in the closed state. The UP triac is ener- 
gised, supplying power to the motor so that 
it runs to drive the garage doors open. Once 
they are fully open, the ‘upper limit switch’ 
is operated, which opens and inhibits any 
further operation. The situation is similar to 
the previous one except that now the sys- 
tem is waiting for the ‘doors closed’ com- 
mand, before anything further can happen. 

So that operation can be initiated by 
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Figure 3(b). Block diagram of remotely controlled garage door system. 
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nothing more than a momentary keying of 
the transmitter, a delay circuit is interposed 
between the receiver and flip-flop. This 
takes the form of a monostable multivibra- 
tor, whose quasi-stable time period is longer 
than the time required for the doors to open 
or close. A feature of this system is that an 
immediate reversal of operation is possible, 
merely by keying the transmitter button 
again. This re-triggers the monostable, 
causes the flip-flop to change state and thus 
the AND gate outputs also change state, 
energising the alternate triac. Between the 
fully open and fully closed positions of the 
doors, neither limit switch is operated and, 
hence, both of them output a logic 1. 





ZERO VOLTAGE 
SWITCHING 





When the power to a load is interrupted, 
as in the case of mechanical switching for 
example, high-frequency components are 
generated that can create interference for 
other equipment. This applies also when 
power is suddenly applied to a load and, 
in the case of an inductive load (and many 
industrial loads are inductive to a greater or 
lesser degree) high induced voltage tran- 
sients can also be produced. 

When it comes to thyristor switching, 
turn off power to the load is less of a prob- 
lem because of the inherent mechanism 
in these devices, namely their latching 
characteristic. What this means is that 
thyristors commutate naturally on alternat- 
ing supplies because conduction ceases 
when the load current has fallen to a very 
low value, namely less than the holding 
current I of the device. Interrupting such 
a small current minimises the electromag- 
netic radiation. This is not so, however, 
regarding switching the power onto a load. 
Depending whereabouts switching occurs 
in the half-cycle of the supply, the current 
switched may be quite small (near the 
beginning of the half-cycle) or almost the 
maximum (where switching is delayed by 
angles approaching 90°). To produce 
switching that is totally free of interference 
requires that switching takes place such as 
in the ON case, the voltage across the 
switch is zero and, in the OFF case, the cur- 
rent through the switch is zero. This implies 





that switching doesn’t take place during 
any half-cycle of supply voltage but only at 
the crossing points between half-cycles. 
Such a system is called zero voltage switch- 
ing or, alternatively, integral cycle control. 
It may be wondered at this point how con- 
trol of power is going to be obtained in 
such cases since it has hitherto been based 
on utilising only a proportion of each half- 
cycle, The answer is really quite simple — 
power is applied to the load for complete 
cycles but not for every cycle, only ‘m’ in 
‘n’ cycles, as shown in Figure 6. This shows 
three simple cases for '/; power, '/2 power 
and full power, using 1 in 4, 2 in 4 and 4 
in 4 cycles, respectively. 

Zero voltage switching circuits are 
possible in either discrete or integrated 
form; naturally the latter are rather more 
convenient. However, we shall first look at 
a discrete circuit, just to see how it per- 
forms its task. One such circuit is shown in 
Figure 7. 








A DISCRETE 
COMPONENT ZERO 
VOLTAGE TRIAC 
SWITCHING CIRCUIT 





It will be noticed that altogether this circuit 
actually has three thyristors: two SCRs and 
one triac. SCR1 is a C103 type which might 
be referred to as the ‘control SCR’. SCR2 is 
a C106, which is termed the ‘pilot SCR’, 
while the triac is, of course, controlling the 
load power and will be switched on in inte- 
gral cycles only, that being the object of the 
exercise, The control SCR has to be driven 
by trigger pulses in order to do its job, so 
this is one complication, the provision of a 
suitable trigger pulse generator. Indeed this 
pulse circuit is pivotal to the whole scheme. 
Circuit operation is quite simple and is as 
follows:— 

Assume that for the moment SCR1 is off, 
there being no trigger pulse input just at this 
time. Assume that the time instant is the 
beginning of a positive half-cycle. The volt- 
age at the anode of SCR2 and the upper 
end of resistor R1 is rising in a positive 
direction. It doesn’t have to rise by more 
than a few volts before the current flowing, 
into its gate through R1 turns it on. (It can 
be shown by calculation that the voltage 





needed to turn this SCR on is 4-4V in this 
particular circuit.) As soon as this happens 
the triac is, in turn, triggered into the on 
state and power is applied to the load. At 
the end of this positive half-cycle, the triac 
commutates naturally. We are now at the 
start of the negative half-cycle; how does 
the triac turn on again? The answer is that, 
when the triac turned on during the posi- 
tive hali-cycle, the load voltage charged up 
the 1p)F capacitor C1, through D4 and R3, 
so that it has stored energy. The latter is 
used to trigger the triac on again at the com- 
mencement of the negative half-cycle, by 
discharging into its gate via D3. 

The diode D2 across C1 is required to 
prevent the capacitor from acquiring a 
charge during the negative half-cycles 
whermthe triac is on. Should it do so, it 
would cause inadvertent switching on of 
SCR2 during those times when SCR1 was 
on, 

That brings us to the role of SCR1, which 
can probably now be guessed at. Its func- 
tion is simply to disable the pilot SCR, 
SCR2, thus preventing the triac from being 
triggered. To carry out this disabling func- 
tion, it has itself to be triggered into the on 
state. This is where the external trigger pulse 
generator comes in. Its function is to sup- 
ply pulses precisely timed to coincide with 
the crossing points of the mains supply volt- 
age, but occurring only at those times when 
the triac is required NOT to turn on. This 
is not too difficult to do. The design of a 
crossing-point detector is quite straight- 
forward and all that is needed then is to 
control the frequency of the pulses as an 
inverse function of the load power to be 
controlled. 





AN INTEGRATED 
CIRCUIT ZERO VOLTAGE 
SWITCH 





An example of an IC that performs the func- 
tions just discussed, which also incorpor 
ates the crossing-point detector and the 
trigger pulse generator (all this in an 8-pin 
DIL package!) is the GEC-Plessey 
SL441CDP Zero Voltage Switch. This is 
specifically designed for ‘burst firing’ of tri- 
acs (an alternative expression for what we 
have just been discussing) and is suitable for 
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Figure 6, Integral cycle control. 
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Figure 7. Discrete components zero voltage switching circuit. 
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=== Thermostat 
= = 
{Notional 


controlling space heating appliances such 
as panel heaters and fan heaters. Details of 
this device, including its pin-out diagram, 
appear on page 572 of the 1994 Maplin 
Catalogue. 


A SPACE TEMPERATURE 
CONTROL SYSTEM 





Having just mentioned the role of one IC 
in the area of space heating Figure 8 illus- 
trates the use of another IC, the PA424 
(GEL300F1), in the same type of applica- 
tion. This system also uses zero voltage 
switching and provides proportional con- 
trol of temperature as follows: 

First consider proportional control. This 
is essentially a form of on/off control but 
with a built-in anticipatory function. This 
can be implemented by ‘modulating’ the 
sensor, either electrically or thermally, with 
an independent signal. One method of 
doing this is by placing an auxiliary heater 
close to the sensor so that the latter heats 
up more quickly. Care is required in such 
designs, the objective being to design a sys- 
tem that avoids ‘hunting and overshoots’ 
that often occur in heating systems con- 
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trolled by a temperature sensor. A good 
example of this is the thermostat commonly 
used in domestic central heating systems 
which always seem to be set either just a 
bit too low or a bit too high for one’s own 
personal comfort! 

| A somewhat different approach is used 
in the case of the system of Figure 8. Here 
a ‘modulation generator’ is built from a 





| Figure 8. Complete design for a space heating system, using integral cycle control. 


2N6028 PUT, this producing a sawtooth 
waveform with a 30 second time period. 
This waveform is coupled by a 2N3391 
buffer transistor into the sensor and refer- 
ence circuit where it gives a modulation 
amplitude equivalent to a temperature 
change of 1°C at the sensor. With the cir- 
cuit as shown, it is possible to hold room 
temperature to within better than +0-3°C. 
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INFRA-RED SWITCH 





Look, no hand! This versotle remote control switch con operate 
multtude of electrical or electronic equipment without you even 


touching it. 
| Order as: L1Z8R, Prico £9.95. Details in Electonics No. 71 
(XA7IN). 


STEREO MOSFET AMPLIFIER 





Aw igh pov seo ong ts sic cx god cs 
| looks. Bridged configuration transforms the unit into GOW 
(music power] mono ample 
Order as: VFIZT, Price £299.95 H29. Details in Electonics 
No. 71 (XAZIN}, 








|___ TWINKLING 


CHRISTMAS CANDLE | 





This simple to build, high tech electronic candle has o 
realistic pseudo-random flicker, but won't burn a hele in 
your pocket-or anything else for that matter. Ideal for 
decorations or plays, as there is no danger of fire, or of the 
flame being blown out. The kit includes constructional 
details of a suitable cardboard lantern for the festive 
season. Order as: LT40T, Price £6.95. Details in 
Blectronies No. 72 (XA72F}, 









D835, 














MILLENNIUM 4-20 VALVE POWER 
AMPLIFIER 





YOU MISS 
THESE 
PROJECTS? 












































MODULAR GRAPHIC EQUALISER 
FRONT PANEL 


end pre-printed fol to give profesional 
equaliser project, The panel is witable for 
a siondard 1in, owing heing ahegitel ts 2, 

Order as; VEAIU, Price £32.95 Al. Details in Electonics 
No, 74 (KATAR}, 









































A.uperb 4-vale, nonhybeid, dass AB) push-pull 

ret 20H rms ed iw cups doren a 
charodristie vale sound. Coden splay bes 

printed cirevt boords ond ra sating up is requ 

Order as: {TASY, Price £74.95 C6. Death i in Electronics 

No. 74 (XA74R). 


SAVE MONEY by buying these combined 
Millennium Amplifier kits: 
Savo £101 Complete Millennium Menobloe 
pepe, Kat (1 x PSU & 1.x Amplifier ka} 

‘ox: LI7]N, Price £114.90 112. 
SAVE £201 Complete Millennium Stereo 
‘Amelifiee Kit (1 x PSU & 2x Amelifer hit) 
Onde ‘ox: L172P, Price £179.85 H18. 





GRAPHIC EQUALISER PSU & 
SWITCHING UNIT 











=I 

















EXTRA LARGE LED DISPLAY 











2 
MILLENNIUM VALVE AMPLIFIER PSU 





A Power Supply kt for he Mllennium 20W Voie Power Amalie. 
The supply is capable of powering up two amplifier macula for 
 sereo, cr clematively you could use two PSU kits ond 
two module produce a pairef moncbloc amplifiers. 
Order os: LT44X, Price £49.95 C6. Details in Electronics 
No. 73 [KA73Q), 


erate el omarien aaces 
baohaghtes 


(Order os: VFO1B, Common Cothode Version, Price £32.95, or: 
VE6ST, Common Anode Version, Price £32.95. Details in 
Electonics No. 74 (KATAR), 











iser System, This project 
vera fhe ober isin 


necessary 
Order os: VEASY, Price £32.95. Dea in Electronics 
No. 73 (XA73Q). 


























coperoion (when front wipes en, ond Auto wipe (Revere cece 
saleced ord fron! wipers on. 

Order os: LT46A, Price £9.95, Details in Electonics No. 74 
(KA7AR), 






Enure het you know 
before order 








An esenticl device Fer those of us wih oder cars and cassia, thot 
weren't built with anything more soghisicated than on on/off 
switch on the wipers! This simple fo build project produces three 
delay periods, and has an LED indicator which lights during the 
delay period, reminding you that the unit is operating, 

Order x: VEQSD, £12.95. Deis in Elacronics No. 75 (KA7SS) 


The assembled receiver 
in its optional case 


(not included), 


YOU MISS 
THESE 
PROJECTS? 
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AIRCRAFT BAND RADIO RECEIVER 
———S 





Lien in en pile ond contre tower communications with his per 
AM citbond receiver. The kitis simp to buld ond requires lle 
clgrrnent. Frequency range is 118 lo 135MHz ond the receiver 


operating volage is 2V. (Optional case net included } 
(Order os: P17, £29.95, Detalsin Elecronics No, 75 (KA7SS) 
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+ TRANSMITTER 


¢ 
TUNE 








20 METRE CW TRANSMITTER 

















CCD CAMERA TV MODULATOR 








Alow-cos unit which alow the Mapkin colour ond block & white 
(COD Carnera Madules to be inked fo ony normed demestic TV wih 
UH oeriol ingut. Applications include cosed-creut security sys 
sims, ond interfacing equipment that ealy has video evput fo @ 
normal TV receiver 

Order as: [T375, £9.99. Details in Elacronics No. 75 (XA75S} 














20 METRE ALL MODE RECEIVER 














(A dred conversion’ DC type receiver that is both simple to buld 
cond easy touse as there is no ‘intermediate frequency’ (iF) 
Frequency ronge is 13.85 to 14-S0MHz end the recehver oper- 
es fom o sondard 9V PF batery [not spi 

Order as: PIP, £31.95, Detalsin Bactonics No. 76 KATGH] 











‘Acystd conitled CW transmit operating on the 20m band. 
The crystal Fequency can be shifed by up to Skitz by the VKO. 
contol. The tronumiter opercies from a +12 t9 +15V DC supely 
cond has on RF ouput of 1W. Note: To operate this tronsmier 
legally, ether a full Coss A Amateur Radio Licence or a restricted 
Nowce Licence is required 

Ordsras: CPOPK, £31.95, Details in Eactonics No, 76 [XA76H 











FRIDGE CHECK 








Is your figs choy os cold os it should be? This exnptobaild 
unt constonty monitors fhe lemperotre inside your Fidos. Fit 
exceeds o preset lit the clorm sounds, oleting you to the poten 
fil dangers cf bocerial growth and food po'soing 

(Order as: LTS3H, £8.49. Details in Electronics No. 76 (KA76H) 







ELECTRONICS 









roducts ae b 


rices! 1 * ee 
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Top Quality eye 


at low, low p 


You will find the whole spectrum 
of electronics in a Maplin Store, 
from Calculators to Capacitors, 
PCBs to Projects, Reference Books 
to Resistors, Semiconductors to 
Solder and so much more! 


}0'@4 
o__ Se 











Moplin Stores nationwide: Birmingham Sutton New Road, Erdington, Brighton 65 London Rood, Bristol 302 Gloucester Road. Cardiff 29-31 City Road 

Chatham 2 Luton Rood. Coventry 12 Bishop Street. Dudley Unit 7, Steding Park. Edinburgh 126 Dalry Road. Glasgow 264-266 Great Wesiem Road. IMferd 
302-304 Green Lane. Leeds Carpet World Building, 3 Regent Street. Leicester Office World Building, Burton Street. leno 146-148 Bumt Oak Broodway, Edgware, 
107-113 Stanstead Road, Forest Hill, 120-122 King Street, Hammersmith. Manchester 8 Oxford Road, 169 Cheetham Hill Road, Cheetham Hill Middlesbrough 

Unit 1, The Forbes Building, Linthorpe Road. Milton Keynes Unit 1, Grampian Gate, Winterhill, Newcastle-upon-Tyne Unit 4, Allison Court, The Metro Centre, Gateshead. 
Northampton 139 St James Rood. Nottingham 86-88 Lower Parliament Sirect. Portsmouth 98-100 Kingston Road. Reading 129-13] Oxford Road. Sheffield 
413 Langset Rood, Hillsborough. Slough 216 Famham Road. Southampton 46-48 Bevois Valley Road. Southend-on-Sea 282-284 London Road, Westcliff 
Stockport 259-261 Wellington Road. Stoke-on-Trent 39-45 London Rood. Plus many NEW stores opening soon. Ring 0702 552911 for further details. 


